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~BSTRACT 

An Inexpensive and effective method of monitoring 
vegetation using NOAA/AVHRR satellite data Is presented 
as an Integral part of a glObal crop monitoring system. 
The satellite monitoring subsystem Increases the value of 
the meteorological and agronomlcal subsystems, but cannot 
stand alone as an as~essment system. The satel lite monl
torln~ subsystem 1~ based on a new color coordinate 
system which ~axlmlzes the Information content of 
satellite Images and minimizes the analysis time. rhe 
color coordinate system Is described and compared to 
other systems. 

1. BACKGROUND 

Drought Early Warning System 

As part of the Agency fur International Development's Office of 
Foreign Disaster ~ssistance (AID/OFDA) disaster preparedness program, the 
~ational Oceanic dnd ~t~ospherlc Administration (~OAA) has developed a 
drought early warning system for food crops in the tropics. T~e system 
provides routine operational drought impact dssessments to US EMbassies and 
~ID ~issions in five tropical regions -- Africa, South Asia, Southeast 
As i a, C e n t r a 1 and Sou t h Am e ric a, and the Pac i f i cIs 1 and s • 

As would ~e expected, the drought early warning system is based on the 
detection of below normal rai,;fall during the growing season. To do the 
job several types of information are required, for no single data system 
can prOvide the complete answer to the question of food production. 
Operational ~rOduction of the assessments is a key factor in the success of 
the project. Operational assessments prOvide a focus for the system deve
lopment, serve as d test of new ter.hniques, and provide an important check 
on the r.ost of the new assessment tools. Resource limitatians ~re a very 
real constraint and ~ust be used to judge any new assessment tool. 

The detection of drought is not as simple as it ~ay appear. Both the 
~stimatlon of ralnfal' dnd the determination of drought, once the rainfall 
is known, are complex prOblems. Estimation of the rainfall over a large 
area is complicated enough, but once the rainfall dmount is known for an 
drea there remains the problem of determining whether or not there is a 
drought. There is no definition for the onset of drought. Drought is a 
direction, not a location. The word drought can be compared to the use of 
the word cold. There is no set temperature at which something is cold, 
rather cold IS a direction which is the opposite of warm. r)rought is the 
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opposite of wet, but there Is no one point on any drought scale which marks 
the beginning of a drought. 

Multiple Subsystems 

Other Information must be combined with the weather data to determine 
both the amount of rainfall and the status of drought. Satellite data pro
vide additional rainfall information and agronomic, climatic, economic, and 
political oata help detect the onset of drought In each region. All of 
these data sources form the basis for subsystems which must be combined to 
produce the best possible operational, early warning assessments of 
drought. The major subsystems In the program are agricultural, climate. 
and satelllt~. 

Th~ agricultural subsystem Is the starting point for evaluating the 
Impact of climate on crop production. (ncluded In the agricultural system 
are farming practices, the geographic distribution of crops, plant pheno
logy (timing of the stages of plant development), phYSiology, economics 
and, In some cases, politics. No assessmeht Is possible without knowing 
where the various crops are grown and how they are grown, but that Is n,t 
the complete picture. It Is necessary to understand how various crops In 
different stages react to the weather conditions and how weather conditions 
control crop stage. Other information that Is Important Is the amount of 
fertilizer usea, and the political stability of the region as It affects 
the demand for food and the supply of farm labor. 

The weather and climate subsystem prOvides the all-Important rainfall 
data, and Is composed of rainfall reports from rain gauge measurements, the 
evaluation of large scale weather systems, and the climatology of the 
regions. Available rainfall reports are spars~ In many tropical regions. 
Even In areas where dense reporting networks are In place, these data are 
frequently not transmitted to the International scientific community In 
real time. When station reports of current weather are available, rainfall 
amounts are the least important of all the reported elements and are, 
therefore, the least reI iable. Ralnfal I amounts have no use in aviation 
and are of limited use to weather forecasting, the two ~ajor uses of 
transmitted weather data. Moreover, If the weather reports did contain 
completely accurate information they would not tell the whole story because 
ralnfal I is not a continuous parameter. ~hen the majority of the rainfall 
comes In the form of Showers, as it does in the tropics, rainfall amounts 
differ widely over Short distances. A single rain gauge may be a poor 
esti~ator of rainfal lover a large area. 

Large-scale pressure patt~rns and t~e cl imatology of each region must 
be analyzed ~ith the raInfall reports to remove errors in the data and pro
duce accurate large-area ralnfal I estimates. These analyses are subjective 
and require years of training and experience. A wal~able ~dditlon to the 
solution of the rai~fall measure.nent prOblem has been ~eteorological 
satel I ite (met-sat) data. 

2. SATELLITE SUBSYSTEM 

Qal~fall Estl~ation 

If cloudS are absent over a region during the rainy season, there Is a 
drought in that region. ThIS simple fact al lows for the use of met-sat 
data to oetermine the large area rainfall amounts from an independent data 
source. ~OAA met-sdt ~ata covers the world twice a day and can determine 
where it is not raining on each pass. Moreover, a trained technician 
looking at the met-sat images can Identify clOUd types whiCh have a high 
chance of producing rainfal I. An estimate of montnly rainfal I for the 
region can be computed by total ing the dally percentaQe coverlge of raln
prOdUCing clouds. The units of these estimates are in mIllimeters of rain
fall, but they are more accurately thought of as probabilities of drought. 
~hen estimates are low, the cloud cover has been below normal and rainfall 
is certainly less than nor~al. 
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Computer analysis of the brightness of each picture element (pixel) 
can be used to automate the system and produce global assessments of 
drought probability from both current data and historic data sets. This 
system should not be confused with other met-sat based rainfall estimation 
systems which produce point spec1f1c ra1nfall estimates on a da1ly bas1s. 
These systems require a great deal more data and are much more complex. 
The result Is an Increase In cost of a factor of 100 or more. R~~ource 
llm1tatlons prevent systems of this type from being used to ~onltor the 
globe In an operat10nal mode. Crop assessment does not requ1re this degree 
of accuracy, and the s1mpler mean monthly cloud measurement system Is both 
sufficient for the assessment process and affordable. 

Surface ~onltorlng 

There Is general agreement that met-sat data contain valuable Infor
mation about the status of the crop, but exlst1ng systems either do not 
work very well, they are extremely expens1ve to operate, or both. What Is 
needed Is an InexpenSive system wh1ch will provide useful Information over 
large areas in the trop1cs. The solution 1s to do qual1tatlve analysis to 
remove the need for atmospheric corrections, wh1ch accounts for most of the 
analytical difficulties and costs, and to use low resolution data to reduce 
storage and processing costs. 

qesolutlon has been one of the most serious problems 1n satellite 
monitoring of .egetation over the past several years -- t~ere has been too 
much of It. For many applications, Increased resolut10n does little more 
than geometrically Increase the cost of analysis. Large-scale crop monl
tor I n g r e qui res 1 a r g e - s cal e a n a 1 y sis, and e v t! r yap p 1 I c at Ion 0 f H tel 1 I t e 
monitoring requires as complete a daea set as possible. The trick Is to 
get a complete data set that Is small enough to analyze and store. Once 
the complete data base is in place, higher resolution data can be Included 
as subsets of the low resolution data set, ~nd the low resolution data can 
be used to put the higher resolution data Into context. 

~ny data base ~hlcn requires more than a computer tape per week to 
stor~ its data qUlc~ly looses its flexibility. Processing real time data 
1ecomes a full time jOb for someone, storage and retrieval quic<ly become a 
problem, and processing historical data becomes a chore ~hich must oe Sche
duled weeks In advance. In snort, the responsiveness of tne system to 
innovative analySiS and 1evelopment of new assessment tool s drops dramati
c a 1 I y. 

The si ze of- the data base Is a function of both the spatial and te'l1-
p 0 r a Ire sol uti 0 n • r~ e t . sat d at a for c r 0 p m 0 nit 0 r i n g i s a valla b led a I 1 y for 
the entire world. A weel< of these data can be stored on a SIngle com"uter 
tape if tne spatial resolution is of the order of 20 <llometers • .\ polar 
stereognpn1c (ilSG) grid measuring 1024 by 1024 pi(els ,~eets the resol'Jtion 
requirement Jnd serves as the primary data base for this pro.ect. This 
resolution al lows an entire cont1nent to be displayed on a standard image 
processor as a si'gle Image. This resolution is sufficient to "lonitor tne 
general crop stat~s of several hundred crop regions in tne tropics. 

lJualitatlve ~nalysis 

All satellite data should be thought of as qualitative data, and any 
system that treats it JS quantitative introduces problems that are dif. 
flcult If not impossible to solve. If the satellite was bolted to a stable 
platform a few meters from the crop, lool<ed at the crop at the sa'l1e angle 
on each acquisition, and the light source wa~ constrained in the same way, 
then these data could be considered to be quan,ltative. For example, a 
reading of 12 for hannel [ and a reading of JU TU~ channel I[ could ~e 
used as a specific measure of biomass of the plant being measured. If the 
sensors on the satellite were looking straight down tnroug h a vacuum, these 
data could also be used quantitatively. However, these data become qualI
tat�ve when the gases, I iquld~, and particulates of the atmosphere Interact 
with the sun's radiation, the viewing angle Is constantly Changing, and the 



sensors In the satellite drift. 

Any system which attempts to remove the effects ~f the atmosphere and 
make these qualitative data Into Quantitative data must be expensive and 
will likely not succeed completely. All of the gasu and particulates that 
cause radiation to change as It passes through and bounces off of parts of 
the atmosphere vary over time and space In a very complex manner. To 
remove the effect of these contaminants a complex, dynamic model of the 
atmosphere and detailed particulate measurements must be combined and run 
for the entire globe, and results returned for each pixel as a function of 
look angle. The cost of such a model would be prohibitive If It existed. 
and neither the mOdel nor the particulate data exist at the scale needed. 

~uch simpler models can be designed to remove some of the noise caused 
by the atmosphere. but to a large degree the data remain Qualitative. By 
Qualitative we mean that the exact value of any measurement from a 
satellite Is not the same as It would be If taken from the surface, but the 
relative values of adjacent pixels will remain In th~ same relative posi
tion regardless of the atmosphere. If the measurement from pixel 1 Is 
greater than that from pll(el 2. It will remain greater. or become the same 
under complete clOUd cover, but it will never become less. The absolute 
value of each may increase or decrease by some amount. their ratio may 
change, and the difference between them may change, but their positions 
will not reverse. 

To the physical scientist it may seem that al I of the value of the 
Information Is lost if only the relative values remain. This Is because 
the physical Scientist has been trained to wor~ with Quantitative data. 
These data contain nOIse, but the underlying values are Quantitative -- a 
12 may be hard to I~easure, but when it is measured It 1'/111 be a 12. Since 
physical scientists are the people who do this analysis, the first step has 
always been to remove the noise caused by the atmosphere. If this cannot 
be done economically, an p'l(penslve and Ineffective product usually results. 

There is one processor that, hy deSign, processes only Qualitative 
data, and actually cannot process Quantitative data -- the human mind. 
Images seen by ~he eye are transmitted to the brain as relative patterns at 
the eltpense of ~uantltative measurement. How this is done is only now 
~e'3inning to I)e '.Jnderstood, I)ut the reason for It is Simple. LIghting and 
vie~i~g conditions are constantly changing in nature, just as the 
at"lOS;lhere IS c"anging for the satellite. The time of :lay chan~es the sun 
angle 3nd shddO~S, clouds and other ohject:s rl>f1ect the ~un, fog dList 3nd 
haze are frequently present, and the light source may be the ~oon or a fire 
rather than the sun. If our a'lstant ancestors had been requi red to store 
In their brains separate Information for each scene under ~very possible 
lighting and vie~lng condition, we woul~ not be here tOday. 9y the time a 
threat to life or to a source of food would have :Jeen recognized the poor 
creature woulj have died from attack or starvation. In any case, a brain 
that could store this ~uch inrormation probably could not be carried by the 
bOdy It served, so a hetter solution was needed. 

T,e solution was to store only the gener31 pattern as discerned by 
~elatlve differences "et~een the bac~ground and the pattern of interest. 
There are a nunoer ~f optical Illusions ~hich amaze people who do not 
realize that the mind cannot quantify. An Illusion which best Illustrates 
thiS f3Ct 3nd serves to eltplaln why the color system proposed ~elow works 
Is a simple color chart In a paint store. These charts normally are made 
up of adjacent s~uares of different colors called paint chips. If the 
colors are vr!ry different, such as bright red, green, or blue, the mind 
sees them as they He. If, however, the color or brightness change Is 
s:nall, oH in subtle shades I)f pin~, the mind enhanceS the difference to 
ma(e the change nore ~oticeable. The result Is the appearance of Sharp 
borders between the color chips and an apparent reverse gradient across the 
chip. If the surrounding colors are covered by a mask, the illusion disap
pears, but returns when the mask Is removed. There is no way to defeat 
this illusion, and the color coordinate discussed below uses this talent to 
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analyze Images for crop vigor. 

Photo Interpretation 

Nothing that has been said so far has been news to the photo 
Interpreter (PI), but some of It probably was to the Image analyst who has 
been trained as a physicist and has had no PI training. The solution that 
is presented here Is simply to use what we know about the phys1cs of the 
situation to produce an image that makes It as easy as possible for a PI to 
see how the vegetation Is doing whl Ie reducing the possibility of confus10n 
by the at~osphere. This Is not as difficult as It sounds, because there Is 
~ big difference between confusion and annoyance. CloudS, for example, 
have distinctive patterns wh1ch are eas11y Identified as clouds In an 
Image. The presence of clouds Is an annoy~nce to a PI, s1nce they block 
the surface, hut they do not confuse because they are seen for what they 
are and they are not confused with surface features. 

If the scene is correctly displayed to minimize the confUSion and maxi. 
mlze the wanted information, it is fairly easy tl'l train people who are 
fam11lar with the s1tuat10n to use the satellite data to enhance their 
understanding of what is happening on the ground. This Is a key point. If 
satellite data are used qualitatively, they ~ust be comblne~ with other 
data to produce quantitative answers. These other data Include recent 
weather, climatology, cropping practices, and economics. These data are 
quantitative, but they are usually coarse In their spatial and temporal 
distribution. The satel lite data can be used to Interpolate these dat~, to 
make gross value checks, and to fill In data gaps. 

False Color Iq 

There is already a syste'l1 in use which fulfills the requirement of 
~inimjzed confusion. The system has been used for aerial photography, 
Landsat, dnd NOAA AVHRR crop condition asse~s~ents with some success by 
trained PI's. This system Is the false color IR (FCIR) color coordinate 
syste'l1 whiCh is based on the Shifting of the blue, green, and red towards 
t'1e IR to accommodate the near IR channel (figure 2). Color film uses red, 
]reen and ~Iue to reproduce all of the colors 1n a scene. The system works 
beca~se ~hese are the sa~e as the receptors the eye uses to sense color. 
''/i~n the addition of the reflected IR light, I)ne of the colors had to be 
1ropped to 'Tldlte roor'l for it. Since Rayleigh scattering produces a blue 
haze on color ;lhotographs talcen from high altitUde, the blue light was the 
bind that 0'/45 dro;lped. ~n this system green becomes blue, red becol1es 
'jreen and near IR 15 red. 

T'le FCIR system Is extremely l'seful for identifying vegetation because 
I)f a conve~lent accident of color coordinate syste~ al ignment. Quite by 
HClrlent t'1e '11,1d'S nat'Jral color coordinate syste'T1 is ali'Jned with the 
'"lost commonl} jsed vegetative Indexes. The result is an image that con-
t 3 i ~ s a! I t n e Ij s e f 'J I information con t a I ned in the 0 r I gina Ij a t i that i s 
dlsplayed in a way that the mind can directly evaluate a biomass as changes 
in :olor. These color changes are not arbitrary. They are seen by the 
"llnd as Changes on a slngle orthogonal axis dnd ;latterns ~f hiomass can 
easllj be detected. 

~I I studies of Landsat and AVHRR that have attempted to produce a 
single number (Index) to describe the health of v(!getatlon nave begun with 
the 1ifference between, or the ratio of, the near lR channel and one of the 
visible Channels. (Jne of the ~ost common Indexes Is the difference divided 
bj the SU:1l, o'/nlch is called the "nor.,allzed" difference vegetative index. 
It is this lndex that 1S displayed as changes in saturation In the FCIR 
coordinate system (flgure 1). 

This must be an accident because the FCIR system is a red, blue, green 
(:jGB) display not an intensity, hue, saturation (PiS) display. The dlf. 
ference between these two coordinate syste'l1s Is extremely Important 
because, although the eye receives RGB information, the mind processes only 
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IHS fnformatfon. The net result fs that patterns of RG8 fn an fmage are 
totally Invisible to a PI while IHS patterns are easy to detect. 

For crop monitoring an FCIR display Is baSically a two channel RGB 
display of one visible a"d the n~"r IR channel. The earth's surface shows 
relatively little change between the visible channels but shows dramatic 
variation between any of the visible channels and the near IR. To produce 
the FCIR display the brightness of the red gun In the CRT Is controlled by 
the value of the IR channel, and blue and green are equal (or nearly equal 
In the case of three channel Landsat) and controlled by the visible chan
nel. The result Is a red and cyan (blue-green) display with natural 
brightness that is directly related to the "normalized" Index values. 
Positive values (Increasing biomass) are dlsplajed as red, and negative 
values (water) are displayed as cyan. Where the two are equal the color Is 
whlt~ or ~ray. Everything that Is neither water nor vegetation lies along 
or very near this diagonal. The values of saturation computed from these 
colors are exactly equal to the Index values. For example an Index of 0.60 
1S displayed as a pin\( which is 60 percent saturated red. 

Since changes In saturation of red are equal to changes In the vegeta
tive Index it is easy for a PI to make qualitative comparisons of the state 
of the vegetation on the ground -- the redder the better. This coordinate 
system has been in use for many years to discern features In the pattern of 
vegetative health. It Is still the nost useful, generally available method 
of analyzing Imagery but it does have a serious flaw. The SUbtle changes 
in saturation ~ay ~e sufficient to detect patterns, but they are too subtle 
to ~a\(e any compariS1ns between points that are not adjacent. One of the 
reasons 1S the f~lse gradient the mind creates when color change Is too 
SUbtle to see eas11y. The other is that of the three axes of the IHS the 
saturat10n is the one with the worst resolution. Both Intensity and hue 
are ~uch easier to separate than satur3tion. 

Arbl trary :"dex Col orl n9 

There is a systE!~ that solves the problem of comparir.g non-adjacent 
colors, though it creates a set of its own ~roblems. To understand the 
final system, o'/hich is "nat dll of this is 1'!3dlng up to, we must 
Jnderstand th1S ar01trary 1ndex color system. The aroitrary Index color 
system is at the OPPos1te end 0f the coordinate system s~ectru~ fro~ the 
FCI~ system. ':"he 'mbrOZH~ color 'coordinate system will oe Shown below to 
~e a comb1nation of ootn of these syste~s. 

Tne drbi~nry index color system IJses few colors. They are chosen to 
o e a s oj i ff ere n t fro ~ e a c hOt her as il 0 s s I J 1 e sot h at the y c d n be 'J n i que 1 y 
1dentified (figure J). A narrow range of ~ositive Index ',alues correspondS 
to ~dch color ~~cept ~Iue, whicn 1S ass1gned to "egat1ve values to denote 
"ater. ;h1S :00rd1nate system showS Sharp, easilj 1dent1fied boundaries 
-ind serves dS d ,uantltative contour mao of ~os1t1ve 1ndex/alues. It is 
HI l::leal Jr'!sentatl0n of the Index, and if t~e effects of t~e at.~osDhere 
have been removed, It IS the preferred method of dIsplaying the index. 

The arbitrarj index color system, however, does not dIsplay all of the 
in~ormation contained i" tne original t~o-channel datd, nor doeS it present 
a contInuum that all'Jws ~"e reI Hive co~parisons that the mind does so 
o'/ell. It '!lay be <]reat ''Jr display, but It IS a Door analysis tool. Dar\( 
soil, light sand dnd cIO'JdS all have the same index value and will dpoear 
the sa~e in the ar~;~:-)"y j"dex olor syste~. If 'lr1ghtness is included, 
the 'lata loss problem is solved, hut the lack of a continuum remaln~. 

3. AMBRQZ[AK COLOR COQRDI~ATE SVSTE~S 

Tne natural first step towarj i~proving the FCI~ system is to replace 
the poorly resolved saturation with hue. The ~erceptual dIfference between 
red and orange (hue) is ~uch greater than between red and reddish pin\( 
(saturation). The first Ambrozlak color coordinate system (ACCS) assigned 
green to an index value of 1. red to Q, and blue to -1 (f1gure 4). The 



result IS a fairly natural looking ~cene with green vegetation, dark blue 
water', red and brown solIs, and yellow stressed vegetation. 

Clouds are bright red In this scheme which Is annoying to the analyst. 
To remedy thIs problem, saturation Is reduced to zero for the very high 
visible brightness values. Should a cloud filter become available, such as 
thermal detection, these data would be used to reduce saturation In a more 
efficient way. The presence of thin clouds or haze tn a natural scene ts 
discerned as a reductton tn saturatton. By ~aktng thts change to the coor-
dinate system the image takes on a more natural appearance. 

ThiS system proved to be extremely useful tn ~onltortng the status of 
vegetatton in the troptcs during the northern hemtsphere summer of 84. 
Test reports produced from only the tmages agreed closely wtth assessments 
produced from al I othe~ data sources. Patterns of drought and plentiful 
ratnfall were shown t~ ftner detatl than was possible with the statton data 
a Ion e. 

Assessors deter~tned that the ACCS Is a slgniftcant tmprovement over 
the FCIR system, but that tt lacked the comparison of distant points capa-
bl lity of the arbitrary Index color system. A step toward this goal Is 
aChieved by cycl ing tne hues at t'"ice the rate of that used on the ACCS. 
The result Is the ACCS2 wnich assigns green to an tndex value of 1, red to 
0.5, Dlue to 0, cyan to -0. S, and green agaIn to -1 (figure 5). There Is 
I ittle or no chance for confusion between the two greens because all values 
below -0.5 are very dan and appear blaCK on tne image. 

The ACCS2 is close to the arbitrary index color system In Its color 
separation ability, yet it maintains all of tne advantages of the FCIR 
system, :'laking It an ideal tool for analysts. The .. \CCS2 images dO not have 
tne natural appearance of tne ACCS, but this is of no concern to the ana
lyst uSIng them. Comparisons of cumulative raInfall and the images shows 
close agreement between tne index and pOint station values of rainfall. By 
'JSlng the t'"o ddta sets, 1etailed maps of C'Jmulatlve rainfall can be pro-
duced. 0tner Jses for ~ne system are now under development. 

'lt~~r 'jses 

The ACeS's have no de~endencc on lV~RR data 3nd have Deen d~monstrated 

t 0 b e 'J s e f u Ii., v lew I '1 tJ L d n d s d t i:"1 age 'las "e I I. l e rId I Ol hot 0 g r d p h Y can be 
j''J'tizeCl :hrougn filters and also can be con~erted to one of the ACCS's. 
inese ni~ner resol'Hlon llata can he cO"'lbi"eCl .n:, t'le lo"er spatial resolu-
~lon AVHRR to prOduce a :"lore valuable jata set ~'dn el:'er dlone. The 
lVHRR ddtd has n,gn temporal resolution and orovldes d :a.."plete overv,ew 
data set. The hIgher resolut,on rlatd Cdn Oro','!e letdlled closeups of 
ar~dS ceter"',ed to De of ,nterest from analjn,~g the :"I,1~=l. 

:0 dnd1jZe :~e worl,j the 2() ~"'l resol'Jt,)" n.,oled ~I"q~ jatl is a 
r-edsondDle )Ize, :Jut If d single country or ,.,all "eg1o" :5 ~"e Subject of 
the analySIS tnen tne 1 <m resolution local :lrea coverage (L~C) or high 
resol'Jtlan plctJre tranS'Tlission (~Rpr) datd .. oulj ,er,,~ dS ~"e 'Jastc data 
set. In tnls CdSe LJ'1JSH and aerial Olnotogr:lphy ,,0:Jl1 provide the closeup 
vIews of :he regIon. 

r'1e :JdSlC 'lata set :Jrovt'jes a ::o'l1plete -ecorj of ",istonc Hta from 
~ he d ate i C.:l u IS' t Ion :J e tJ I ., S • r hIS j a t:l set :J e CO"" e 5 "0 tan I y a val u a b I e and 
i .,exOlenSI Ie reSedrch tool, Jut ': ,ncreases t'e value :lnd decreases the 
cos t 1 f t n e ", 9 n err e 5 0) I u t ,on : nag e r y • ;- he', a I 'J e I) f : ., e h I oJ her res 0 I uti 0 n 
,magery 's ,ncreased ')y Oluttl'1g It into ~ime :lnd SOlaCe context. The cost 
is redu.:ed becJuse less ~1gh resolutIon ir'1agery is needed, tnat whiCh is 
Obtained contains important ,nfor"'latlo", and cloud contamInated scenes can 
be dVoldeCl. 
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NIGER 

SPECIAL .I\GROCLIMATIC ASSESSMENT OF THE 1984 SEASON 

Prepared hy the Climate Impact Assessment Division, Assess~ent and Information 
Services Center of NOAA December 11, 1q84 

THE RAINFALL REGIME 

In Niger, like in all other Sahel countries, the annual rain;.:;ll amount 
increases from north to south (Figure 1). The rainy season normally lasts about 
3-4 months in the northernmost agricultural areas and ahout 5 months in the 
sout~Errmost locations (Figure 4). In the south it normally begins in May and 
lasts until the end of September, while in the north the rainy season hegins 
about ~ month later and ceases 2-3 weeks earlier. Recause of the water availa
bility this is also the crop growing season. The rest of the year is generally 
dry. Therefore rainfall amounts during the rainy seaon are the same (with few 
minor exceptions) as annual amounts. 

THE AGRI(ULTURAL (ROPS 

The northern limit of rlinfed farming i~ the Sahel is considered to be the 
350 mm annual rainfall isohyet. Of certain agricultural importance are the 
pastures north of the 350 mm line to ahout the 200 mm isohyet. 

Mi 11 et is the most important food crop in the country. It is usually 
interplanted with another food crop, mostly cowpeas, sorghum or peanuts. 
Sorghum is the second most important crop, often interplanted with cowpeas or 
peanuts. 0ther food crops, grown on a much smaller scale, are maize, rice (in 
the ~liger River Valley), cassava (manioc), earthnuts (vouandzou), etc. Peanuts 
are ~rown mostly as ~ cash crop. Other cash crops are cotton and tobacco. The 
growing areas of SOlfle crops are shown on Figure 2. 

THE CHANGING CLIMATE 

The rlroulJht of 1984 is not an isolated phenomenon. Rainf~ll amounts in 
Niger began a rlecline around 1968 that has continued to the present. Rainfall 
amounts in niger during the ldst 51 years (1934-1984) I~ere analyzed on a zonal 
basis: with 20n-500 mm and 50n-900 mm annual rainfall. The zonal r·3infall for 
each year is shol·m on Figure 3. Also inrlicaterl are the mean values for the 51 
year periorl and the 5 year running averages. An analysis of the curves indica
tes that ~fter the devastating droulJhts of 1q72 anrl 1Q73, annual rainfall came 
close to non1al for several years (1976-79). Another decline began afterwards, 
leading to even more devastating rlroughts in 1983 anrl 1984. 

The rlroughts affected both natural vegetation and the agricultural prac
tice. They also made obsolete the rainfall normals calculated for periods 
before the rlecline began. Shown on Tahle 1 are the rnean annual amounts from 
vdrious reference sources (calculated for periods hefore 1968 and still widely 
used in and outside Africa) and the mean amounts for the last 17 years. The 
descrepancy is ohvious. Mean rainfall for the period after 1968 is mostly 20-30 
percent lower. If a new map for ttle 19fi8-19R4 mean annual rainfall in niger 
were to he prepa red, all those i sohyet s on Fi gll re 1 I'IOU 1 d ha ve to he !Tloved 
southwards hy about 70 kilometers (40-45 miles). 

I 
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Besides the differences in the mean annual amounts of rainfall, the 
changing climate of the country has affected all other components of what is 
ca 11 ed "rai nfa 11 regi me", such as number of rai ny days, begi nni ng and end of the 
rainy season, various confidence limits of rainfall (amounts that have certain 
probability of occurrence), etc. Naturally, the mean monthly, ten days and 
weekly rainfall amounts are also smaller. 

AGROMETEOROLOGIr.AL ASSESSMENT OF THE 1984 SEASON 

May. Three stations in the country - Gaya, Niamey and Birni N'Konni -
received more or less sufficient rainfall (SO-60:nm) for land preparation and 
even for sowing some crops (Table 2). It was beneficial also for the pasture 
vegetation in these areas. 

June. This is the month when the rainy season nor,nally hegins over most 
agri cUTfiJra I areas in the country. This year's June was very dry. In the 
extreme south, Gaya reported 77 mm, which, despite being below normal could be 
considered as satisfactory for land preparation, but inadequate for the crops 
already planted and for the pasture vegetation. Over the rest of the country, 
planting was either carried out under unfavorahle conditions, or had to be post
poned for July. Agroclimatic crop condition indices were mostly below the 30th 
percentile rank (on the scale fro". 0 to 100); monthly rainfall was mostly below 
40 mm - well below the normal amounts (Table 2 and Figure 4). The only location 
with good agrometeorological conditions was Sirni N'Konni. 

July. The I'lestern half of the country was so dry that the potential for 
droughf:fnduced food shortages this year became very real. The agroclimatic 
crop condit i on i ndi ces dropped to the 5-7th percent i 1 e rank in Ni amey, Gaya and 
Tillabery, and the 14th percentile rank in Rirni N'Konni. Monthly rainfall was 
below 50 percent of normal. Above normal temperatures (about 1°C) further agra
vated the conditions. The unfavorable weather impeded also the growth of 
pasture vegetation. 

In the eastern half of the country the conditions were better, with Maradi, 
Magaria, Zinder and lIaine Soroa receiving 108-l55rnrn of rainfall. These ar:1ounts 
could have led to a satisfactory yield this year if August rainfal I had been 
a round norma I • 

August. This is the most critical month of the crop growing season. 
Plants reach the flowering stage when the water requirements are at their peak. 
Over most of Niger, August weather this year was a real disaster: rainfall was 
at record low levels, ilir temperatures (about 3.5°C ahove normal) were at record 
high levels. r:umul,Hive rainfall - fr')rn the beginning of the rainy season till 
the end of August - was also the lowest, or the second lowest in history. As a 
result, the state of all rainfed crops in the country worsened so much that 
complete crop failures in many areas became a reality. There was the potential 
for severe food shortages in the country. The drought also inhibited the growth 
and development of pasture vegetation. 

Good indicators of the weather impact on crops (and pilstures) are the 
agroclimatic crop condition indices. At the end of August they dropped as low 
as the 2-3rd percentile rank in Tillabery, ~Iiailley, (laya, Tahoua and Maine Soroa, 
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and to the 5th percentile rank at three other stations (Tahle 2). Such low 
ranks are usually associated with well helow normal yields or complete crop 
failures. 

The only station with good rainfall in August was Magaria with 20n mm (91 
percent of norma 1 ). 

Septemher. September rainfall could he beneficial for some late planted 
crops, especially if the agrometeorological conditions earlier in the season 
were around nor~al. This year, however, the three preceding months (June, July 
and August) were so dry that even good September rainfall Ivould have come too 
late to substantially improve their state. In fact, the first half of September 
1984 was generally dry and by that time this year's crop prospects in the 
country were already deter~ined. During the second half of September, ahove 
normal rainfall in Ti llahery and Tahoua improved the !Jeneral Ivater supply and 
benefitted to some extent pastures. 

June-September. This year's crop (and pasture) growing season was the 
driest or one of the driest in Niger's history. The drought affected the entire 
country. The only location where the drought effect was less pronounced was 
Magari a. The adverse drought effect is further magni fi ed by the fact that thi s 
is the second or even the third severe drought in a row, as indicated hy the 
percentile ranks of the Yielt1 Moisture Index (Figures 5-7). 

CROP YIELn ESTIMATE 

There is no reliable research work on the quantitative relationship between 
weather and crop yields (or crop production) in Niger. In a~dition, no research 
has heen carried out on the relationship hetween Iveather and pasture vegetation. 
An approximate estimate for the 1984 crop yields can be m~de hy using the per
cent of normal values of the Yield ~loisture Index. It i5 to a great extent pro
portional to crop yield, if all non-weather factors affecting yield (fertili
zers, pests, diseases, social factors, etc.) are constant. 

Obviously, the method cannot be appliet1 for those locations Ivhere the 1984 
crop yield was more or less a complete failure. It is assumed that such sta
tions are Tillahery, Niamey and Tahoua, as explained earlier in this assessment 
(see also Table 2 and Figure 4). Furthermore, stations that are not in the crop 
growing areas - Maine Soroa and N'Gui~mi - should be excluded. The result of 
all these conderiltions indicates that the 1984 millet and sorghum yields will be 
ahout 25-28 percent lower than those in 1983. 

SATELLITE DATA ASSESSt1ErH 

In addition to the assessment made on rainfall data, the existing con
ditions in a given area can be as~essed also from satellite images. The latter 
determine the de!Jree of biomass (greenness) on the ground. The more vegetation 
on the ground, the higher the degree of greenness. It is presented with the use 
of the vegetative index (Figure 8). Obviously, a higher index means higher 
degree of greenness, which in turn means healthier crops or pasture vegetation. 

I 
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The data on Figure 8 were ohtained with the help of the "Ambr~ziak Color 
Coordinate System". The agricultural areas of the country were di~ided into 
rectangles of 1° latitude and 2° longitude. The satellite images clearly 
illustrate the areas with different degrees of vegetation at the end of August 
1984. Thus, the area around Tillabery is devoid of vegetation, while the area 
around Magaria looks relatively good; the area around Niamey has as much vegeta
tion as the area south of N'Guigmi, despite the fact that Niamey normally has a 
much wetter climate. 

A comparison between the degree of greenness in 1983 and 1984 indicates 
that at the end of August this year all agricultural areas of the country had 
less vegetation cover th~n during the same time last year. This is valid not 
only for the crop growing areas, hut for the pastures as well. The amount of 
pasture vegetation in August this year is estimated to be about one half (or 
even less) than in August 1983. 
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Figure 1. Niger: mean annual rainfall (mm) from the cl imatological Atlas of Afric~ 
(Jackson, 1961) and reporting meteorological stations. 
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Figure 2. Niger: crop growing areas 



Table 1. Mean annual rainfall (mm) in Niger 

Mean annual amount Mean annual amount for IJecrease durlng the 
Station from various reference the ~ast 17 yean 1 as t 17 yea rs 

sources (191)8-1984 ) (i n percent) 

Tillabery 510 330 35 
Niamey 631) 498 22 
Gaya R 52 782 8 
Birni N'Konni 602 455 24 
Tahoua 407 330 19 
Ma rad i 642 444 31 
Magaria 617 494 20 
Zinger 549 394 28 
Maine Soroa 41R 316 24 
N'Guigmi 236 188 20 

Table 2. r~onthly and seasonal rainfall (in rrrn and percent of normal) and the 
percentile rank of the Yield ~1oistllre Index from June I, till the end 
of erich month 

Statlon ~AY JUt! JlJL AU(i SEP JUN-SEP 
mm 01 rTH1 01 rank mm "(, ranK r1111 01 rank rlm 0( rank rrm 0/ , , , , , 

Ti 11 abery 18 95 13 26 7 49 3q 7 45 3() 3 21t. 312 71 320 77 
Nianey 53 139 41 54 1·1 53 37 5 57 30 2 43 47 2 204 ]6 
Gaya 59 82 77 61 20 96 50 5 98 42 2 149 90 8 4; 0 5] 
Birni n'Konni 53 151 110 162 85 41 29 14 '~O 42 5 77 83 11 3U8 58 
Tahoua 14 78 40 70 32 77 611 20 46 33 2 71 116 17 234 60 
r~arddi 8 33 12 18 2 121 78 17 103 50 5 18 21 2 254 47 
Magaria 17 61 42 I)q 32 127 72 29 200 91 15 22 24 15 391 69 
Zinder 2 9 15 33 20 155111i 55 fiO 30 'i 47 76 11 277 60 
Maine Soroa 0 0 15 45 29 108 1112 49 34 21 2 11 54 2 t8R 51 
N' Gui glni 0 0 1 10 2 52 135 44 53 411 17 13 72 19 119 52 

.. ffi I 
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Figure 3. Niger: annual amounts of rainfall (A), the five year running average 
(6) and the mean annual rainfall for the period 1934-1984. 
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Figure 5. 

NIGER: Percentile Ranks of the 
Yield Moisture Index 

as of the End of September 
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Figure 6. 

NIGER: Percentile Ranks of the 
Yield Moisture Index 

as of the End of September 
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Figure 7. 

NIGER: Percentile Ranks of the 
Yield Moisture Index 

as of the End of September 
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Figure 8. 

Niger: Satellite Index Values 
as of the Last Week of August 
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MALI 

SPECIAL AGROCLIMATIC ASSESSMENT OF THE 1984 SEASON 

Prepared by the Climate Inpact Assessment Division, Assessment and Information 
Services Center of NOAA November 28, 1984 

THE RAINFALL REGIME 

The rainy season in Mali normally lasts about 3-4 months in the northern
most agricultural areas and about ~6 months in the southernmost locations. In 
the south it normally begins in 11ay and lasts until October, while in the north 
the rainy season hegins about 1-2 months later and ceases a month earlier. 
Because of the water availability this is also the crop growing season. The 
rest of the year is generally dry. Therefore rainfall amounts during the rainy 
season are the sane (with few minor exceptions) as annual amounts. In Mali, 
like in all other Sahel countries, the annual rainfall amount increases from 
north to south (Figure 1). 

THE AGRICULTURAL CROPS 

The northern limit of rainfed farming in the Sahel is considered to be the 
350 mm annu.:J1 rainfall isohyet. Of certain agricultural importance are the 
pastures north of the 350 mm line to about the 200-220 mm isohyet. 

Sorghum and r:li 11 et are grown a 11 over the country. Bei ng the most drought 
resistant food crops, they are more or less the only crops grown from the 350 mm 
to about the 500 rlln zone. Ma i ze and peanuts are usually grown south of the 
5nO-550 ~~ isohyet. A wider variety of food crops (including some tubers), plus some 
commercial crops, are grown in the wetter areas in the south. In addition to the 
rainfed farrnin'::J, so~e irrigated crops - "lost1y rice, vegetables and fruits - are 
also grown along the rivers. 

THE CHArH;PlG CLI'~ATE 

The drought of 1984 is not an isolated phenomenon. Rainfall amounts in 
Mali began a decline around 19~8 that has continued to the present. The annual 
rainfall during the last 50 years (1934-1983) in Mali was analyzed on a zonal 
hasis. Three ITJain zones were designated: 200-511n mrn, 50n-<100 mm and 900-1,300 mm. 
The zonal rainfall for each year is sho'fm on Figure 2. Also indicated are the 
mean values for the 50 year period and the 5 year running averages. The decline 
is well pronounced in all three zones. The figures also illustrate the severity 
of the drolJght in 1983. 

Sixteen consecutive dry years is a long enough period to affect hoth 
natural vegetation - some of it irreversab1y - and the agricultural practice. 
It is also long enough to make obsolete the rainfall norfrta1s c.:J1cu1ated for 
periods hefore the decline hegan. Shown on Tah1e 1 are the mean annual amounts 
from various reference sources (calculated for periods hefore 1968 and still 
widely used in and outside Africa) and the mean anount~ for the last 1fi years. 
The discrepancy is ohvious. Mean rainfall for t~e period after 1q68 is mostly 
20-30 percent lower than the mean ranfa11 for the period hefore 19fiR. 

The mean annual rainfall shown on Figure 1 represents the old normals. If 
a nell map for the 1958-'.983 mean annual rainfall in :.1a1 i were to he prepared, 
.:J 11 those i sohyets on Fi gure 1 wOIJ1·1 have to he moved southwardS hy about 50-nO 
miles. 

I 
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~esides the rlifferences in the mean amounts of rainfall, the changing cli
mate of the country has affected all other components of what is called 
"rainfall regime," such as number of rainy days, beginning and er,d of the rainy 
season, various confidence limits of rainfall (amounts that have certain proba
bility of occurrence), etc. The success or failure of a crop in many areas 
depends not only on the amount of rainfall, but also on the duration of the 
rainy season. A good example of its shortening can be found in Nioro, where the 
dates of crossing the 40, 60 and 80 mm thresholds are given on Figure 3. At any 
of these thresholds, the rainy season for the last In years begins later (an 
average of 14-?1 days) and ends earlier (6-8 days), therefore lasting 22-27 days 
1 es s. 

AGROMETEOROLOGICAL ASSESSMENT OF THE 1984 SEASON 

~'ay. In most southern areas of the country the rainy season began on time, 
with normal or above normal rainfall (Table 2). 

June. Below normal rainfall over most of Mali adversely affected the 
timely sowing of crops. Nevertheless, by the end of the month the areas south 
of the Kayes-Segou line (Figure 4) received more or less adequ~te rainfall 
(70-140 mm) for land preparation and sowing. In the areas where the rainy 
season begins in June, the agroclimatic crop condition indices at the end of the 
month were mostly below the 30th percentile ranks (on the scale from 0 to 100). 
Segoll and Kayes were the only stations reporting normal or above normal rainfall 
and, as a result, the indices were above the 50th percentile rank • 

. July. Unusually dry and hot weather (about 2°C above normal temperatures) 
sharp~ncreased the possibility for below normal yields and food shortages in 
the country. In many loc~tions in the central belt of the country (Kayes, Kita, 
Rarnako, Koutiala, San) rainfall of 70-110 mm was well below the optimal crop 
water requirements and as a result the agroclimatic indices at the end nf the 
month dropped to the 2-4 percent i 1 e rank, i nd i cat i ng severe c1rolJght - one of 
the most devastating on record. Kayes' index was at the 36 percentile rank due 
to good rainfall in June (at the end of June, however, it was as high as the 93 
percentile rank). In the arid northeast of r~ali (Hombori, Gao, Henaka) July 
rainfall was inadequate not only for sowing crops, but also for normal growth of 
pasture vegetation. Agroclimatic indices at the end of the month were also at 
record low levels. The only area of Mali where the agroclimatic conditions in 
July could he ~ssessed as satisfactory was the far sout~ of the country 
(Kenieba, Rougouni, Sikasso) where rainfall amounts, although only 70-AO percent 
of normal, ranCjed mostly between 170 and 200 mm, which is sufficient to carry.a 
satisfactory yield. 

August. This is the most critical month of the crop growi~g season. 
Plants re~~h the flowering stage when the water requirements are at their peak. 
Extremely dry and hot weather this year further aggravated the state of agri
clll tura 1 crops. It became evi dent at the end of the month that the 1984 crop 
production would be one of the l0west on record. Most affected by the drought 
were the semi-arid northern agricul~ural areas of the country (Figure 5), where 
rainfall in August, as well as from the beginning of the season till the end of 
August, was so low that this year's crops were expected to he eit~er a complete 
failure or to yield very little. Agroclimatic indices were below the 
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5th percentile rank, indicating the worst, or the second worst drought on record. 
Such percentile ranks in marginal areas are usually as~ociated with 
complete crop failures. 

Second most affected area was near Burkina's border (Mopti, San, Koutiala, 
Segou). Agroclimatic indices were also below the 6th percentile rank, but 
seasonal rainfall, although only 50-70 percent of normal, was slightly higher 
than in the northern areas. Yields are expected to be well below normal; 
complete crop failures are possible in some locations. June through August 
rainfall in this part of the country ranged between 210-240 mm in Mopti and San, 
and 300-350 mm in Koutiala and Segou. Monthly air temperatures were 2-4°C above 
normal. 

Severe drought affected also the southwestern agricultural areas of the 
country. Agroclimatic indices at the end of August were at the 4-11 percentile 
rank, which for the nore humid clima'ce of this area suggests below to well below 
normal yields. Although monthly rai1fall in June, July and August was below the 
normals, amounts of 110-200 mm in Ju:y and 140-2~ mm in August were higher than 
in the rest of Mali and, therefore, crop losses in the Southwest are expected to 
be relatively smaller. 

September. This is the last month of the crop growing season in the 
northern and central agricultural areas of the country; only in the south it 
ends in October. Several stations received good, above normal rainfall 
(Nioro, Nara, Mopti, Gao) but it came too late to significantly improve the 
state of the crops. In the rest of the country, September rainfall was below 
normal, further aggravati~g crop production prospects. 

June-September. Nationwide, the 1984 crop growing season in Mali was 
extremely poor. Agroclimatic indices lor the June-September period were at the 
2nd or 3rd percentile rank in Kita, Bamako, San, Hombori and Menaka, indicating 
the worst drought on record (or at least after 1941 when calculation of the 
indices began). Kenieba and Bougouni had indices at the 4th percentile rank, 
indicating the second worst drought on record. Sikasso experienced its third 
worst druught on record. Not much hetter were the conditions in the rest of the 
country. The adverse drought effect is further magnified hy the fact that this 
is the second (or third in some areas) severe drought in a row. The country was 
hit by a severe drought in 1983. At most stations the 19A4 se~son was even 
drier: in San and Koutiala by about 2~-270 mm, ~ougouni - 170 mm, Mopti and 
Hombori by 130-140 mm, Kita and Bamako hy about 60 mm, etc. The only station 
with above normal rainfall this year was Tombouctou, where rainfall benefited 
pastures; unfortunately this is not a crop growing region. 

The 1984 drought impact on sorghum and millet can also be assessed from the 
information provided on Figures nand 7. Plotted are the percentile ranks and 
the percent of normal values of the seasonal (June-September) Yield Moisture 
Index for the last 43 years. The agricultural areas of the country were divided 
into two main regions. The northern one is drier and is represented by seven 
stations with mean annual rainfall hetween 350 and 700 mm (Kayes, Nioro, Nara, 
Segou, San, ~opti and Hombori). The southern region is ~ore humid and is repre
sented by five stations with mean annual rainfall ranging between 900 and 1,200 
mm (Kenieba, Bamako, Bougouni, Sikasso and Koutiala). The YMI plots permit the 
following conclusions: 

I 
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A. Northern region. The 1984 drought was the second worst on record, the 
worst be~ng 1982. The third worst is 1983, thus indicating the highly unusual 
phenomenom of having the three worst years on record to be three consecutive 
years. The 1982-84 drought is more severe than the well known drought of 
1972-73. 

B. Southern region. The 1984 drought was the worst on record. The pre
vious year (1983) was also extremely dry (third worst). The 1983-84 drought was 
more severe than the drought in 1972-73. 

CROP YIELD ESTIMATE 

lher~ is no reliahle research work on the quantitative relationship between 
weather and crop yields (or crop production) in Mali. An estimate for the 1984 
crop yields can therefore be made by using the percent of normal values of the 
Yield Moisture Index. It is to great extent proportional to crop yield, if all 
non-weather variables affecting yield (fertilizers, pests, diseases, social fac
tors, etc.) are constant. 

In 1984 the regional YMI in the southern region was only 63 percent of nor
mal, indicating that the drouaht alone is expected to drop crop yields to 
approximately 60-65 percent of their normal amounts for the various crops. In 
the drier northern region of Mali three stations (Nioro, Nara and Hombori) have 
complete crop failure in their vicinity. The percent of normal YMI for the 
remaining stations is as follows: Kayes - 85, Segou - 69, San - 55 and Mopti -
68. After some corrections for uneven rainfall distribution are made, the crop 
yields for the entire northern region in 1984 are expected to be about 30-35 
percent of normal. Thus, an average value of the crop yield (and crop 
production) estimates for both regions in Mali indicates that the 19R4 yields 
for the entire country Jre expected to be about 45-50 percent of normal. 

SATELLITE DATA ASSESSMENT 

Use of Satellite data for monitoring the status of vegetation provides a 
qualitative distribution of vegetative vigor which can be combined with other 
data to produce ~uantitative analyses. The index plots provide a time series 
plot which can describe an entire season for a specifi( area. The shape of the 
curve gives information about the phenology and biomass production of the plants 
in the sample. The color images are viewed using several different color coor
dinate systems. The coordinate system chosen depends on the area being exa
mined, time of year, and vigor of the vegetation. The standard operational 
color coordinate system is the Ambroziak Color Coordinate System (ACCS). Other 
systems are the ACCS-2b and the ACCS-2r which have higher perceptual resolution 
than the ACCS and use either blue (b) or red (r) for the zero index value. 

The analysis for r1a1i shows the eastern sections to be \~orse this year than 
last year (Figure 8). An attempt to quantify the rainfall using the ACCS images 
~hows close agreement for most of the stations for the May through J' 1y rainfall 
(Figures 9 and 10). Kita reported 573 mm for 1983 which did not agrl ~ with the 
image and the amount was ignored in the analysis. The analYSis was done for a 
special Sahel report and was prepared in mid-July. Later reports obtained in 
country showed that this ~mount was in fact in error by 200 mm and was actually 
373 mm, which is what the original una1ysis showed. This illustrates a second 
use of the image. Not only can the images he used to interpolate station 
reports, they can be used for qua 1 i ty cont ro1 • 

"VJ~' 
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Since both 1983 and 1984 were severe drought years in Mali the comparison 
only serves to show drought patterns. Any region showing less than 400 mm on 
the June through September analysis has the potential for serious crop losses. 
This corresponds roughly to a vegetation index value of 1.4 or less in late 
September. 

) 
/ 



Tabl e 1. Mean annual rai nfall (mm) in Mal i 

Mean annual amount Mp.~n annual amount uecrease durlng the 
Station from viiri ous for the last 16 years last 16 years 

reference sources (1968-19~3) (in percent) 

Kayes 821 97 30 

Nioro 709 41? 42 

Mopti 552 45R 17 

Hor~hori 454 353 22 

Gao 271 200 26 

Menaka 263 20? 23 

TomholJctou ?2 'i 147 35 

San 749 f)83 q 

Segall I 724 I 590 I 19 

Bamako 1,099 869 21 

Kita I 1,151 I 882 I ?3 

Kenieha I 1,408 1,083 ~3 

Bougollni I 1,337 I 1,082 19 

Kouti~la 1,022 8'i9 16 

Sikasso 1,373 1,1 44 17 



Table 2. Monthly and seasonal rainfall (in rrm and percent of normal) and percentile 
rank of the Yield Moisture Index from June 1, till the end of each month 

Station 

KaY€3 

ioro 

ara 

ombouctou 

an 

egou 

Bamako 

Kita 

Kenieba 

lkasso 

I 
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Fi gure 1. Mali: mean annual rainfall (rnm) from the C1 imato1ogica1 Atlas of 
Africa (Jackson, 1961) and reporting meteorological stations 
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MALI 
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Figure 2. Mali: annual amounts of rainfall (A), the five year running average 
(B) and the mean annual rainfall for the last 50 years (1934-83) 

Rainfall amounts through October 1984 are marked with * 



mm 

240 

220 

200 

180 

180 

140 

--- \;/UNlTaC'T ... AN VALU.I 

----- .. UN VALU.I I"OR "11-13 

120 ...... --- ....... 
I .. 

I " 100 I \ 
I , 
't JULY t Sl!PT 20 ~\ 

80 .. ~--------------------------~~~--------~~F-----..... ---------
~ JUN. 21 

80+-------------------------~~~----------~~~------------......... I 
I JUN. t g. 

40 4-__________________________ ~~~~/~6------------------~~---------------

20 

1 2 3 4 5 8 

months 

7 8 9 10 1 1 12 

Figure 3. Nioro, Mali: mean monthly rainfall from a reference source (Wern
stedt, 1972) and for the last 16 years (196e-83); beginning and end 
of the rainy season 



maU • 
.... ... 

burklna 

Figure 4. Northward advance of planting in the Sahel. Rainfall below t~e 
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Figure 5. Mali: drought irr.pact in 1924 



Figure 6. MAL I 
YMI Percentile Ranks as of the End 

of September 
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Fi gure 7. 

MALI 
YMI Percent of Normal as of the End 

of September 
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YMI percent of normal in the Afncan Sahel is proportion~l to crop 
productJon If all non clImate vanables affecting production are 
constant and U'le total seasonal rainfall exceeds 500 mm. In any 
region in Wh1Ch seasonal rainfall is less than 350 mm production 
is zero 

l\~' 



Figure 8 

MALI: Vegetation Index f ... om NOAA 
AVHRR Satellite Data 

July 1 1. 1 983 July 9. 1984 
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MALI: May - July.Cumulative Rainfall 
Estimates Based on ACCS· Satellite 

Images and Station Reports 

Satellite Station Reports 
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Fi gure 10 

MALI: June - Se~tember Cumulative 
Rainfall Estimates Based on ACCS· 

Sate II i te I mages 

Satellite Station Reports 

o 100 200 '300 400 SOO 600 

• ACCS is the Ambrozlak Color Coord mate System which IS 
deSigned to enhance visual perception of satellite images 
allovving this type of analYSIS to be eas1ly done. 



SUDAN 

SPECIAL AGROCLIMATIC ASSESSMENT OF THE 1984 SEASON 

Prepared by the Climate Impact Assessment Oivision, Assessment and Information 
Services Center of NOAA November 28, 1984 

RAINFALL REGIME 

The rainfall amuunt tends to increase gradually from north to sout~, 
ranging from a few millimeters per year in the desert to ahout 1,~OO mm in some 
of the tropical moun~ainous areas along the southern border (Figure 1). The 
southern 1 i mi t of the desert approac~es the ISO mm annua 1 ra i nfa 11 i sol i ne, 
while the northern limit of rainfed farming coincides usually with the 350 mm 
isoline. Sudan has only one rainy season per year. At the 350 mm isoline 
areas, the rainy season normally begins in late June and lasts until early 
September. Towards the south, the rainy season begins earlier and lasts longer. 
The mean monthly rainfall for several selected stations shown on Figure 2 
illustrates quite well the changes in both distribution and amount of rainfall 
from north to south. 

AGRICULTURE 

The most widespread food crop in the Sudan and the staple food for most of 
the population is sorghum, grown on over 3 million hectares. Locally it is 
called "durra". Unlike maize, sorghum gives a reasonable yield not only when 
the rainfall amount during the growing season is below the optimal, but also 
when the distribution of rainfall is very uneven. The second most important 
food crop in the Sudan is hulr:Jsh millet, grown on 1.25million hectares. 
Locally it is called "rjukhn". It is the most drought resistant cereal crop, 
hut yields less than the others. Farmers in the south grow finger millet 
rather than hulrush millet. Relatively large areas are planted with groundnuts 
and sesame. Other food crops, in order of the size of the plan~ed area, are 
wheat, pulses (dry heans, hroad beans, peas), maize, cassava, etc. Most of t~e 
food crops in the Sudan ar~ rainfed. 

Sawing of most food crops in the central helt of the country begins nor
mally during the second half of June, after the first rains of the season 
moisten the topsoil. The hulk of the sowing, 1101'Iever, is carried out in July. 
Harvesting hegi~s in Octoher and continues in November, even necemher. 

ASSESSMENT OF THE 1984 SEASON 

Note: Sudan is one of the few countries in the world for whicl1 current rainfall 
data are unavailable. Therefore, this assessment is based only on satellite 
data. Unfortunat~IYI the latter is very limited. nue to introduction of new 
sdtellite technology, the 1984 season can be compared only with the one of 1983. 

The cu~ulative rainfall estimates for two periods - through July and 
through September - are shown on Figure 3. In nost areas of the country, espe
cially in those witl1 ,11arginal rainfall, the 1984 rainfall for both periods is 
less tl1an that in 1983. The biggest rlifferences earlier in the season - through 
July - were the western areas of the central belt of the country (narfur pro
vince, south of El Fasher), while later in the season - tl1rough Septemher - the 
current y~ar was drier in the central and eastern areas (east of En Nahud in 
Kordofan to the Ethiopian horder). 
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A bette. comparison of the existing agroclimatic conditions in 1983 and 
1984 can be made by using the extent of vegetation cover during these years, as 
shown on Figure 4. The indices were calculated for area rectangles of one 
degree latitude and two degrees longitude. At the end of the first decade of 
July, the 1984 vegetation cover was considerably less than that in 1983 in 
nearly all areas of the country except in the Southwest. Later in the season 
the vegetation cover in the southern areas improved and towards the end of 
September, the most pronounced differences were north of 11° latitude. 
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Fi~ure 2. ~~ean annual rainfall (on the map) and mean monthly rainfall (on the 
plots) for selected stations in the Sudan. 
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Figure J 

SUDA~J: Cumulative Rainfall Estimates 
Based on ACCS* Satellite Images 

May - July I 983 May - July 1 984 

June - September 1 983 June - September 1 984 
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Ie ACeS is tlle AmbroZlak COl!)f Coordmate Syst.em ~."Thich is 
designed to enhance visual per('~pt.1On of satellite images 
allowing this type (If analysis ~.o be easlly ·jone. 



Figure 4 

SUDAN: Vegetation Indes from NOAA 
AVHRR S~J.tellite Data 
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UPPER VOLTA SEPTEMBER 10, 1984 

AGENCY: NESOIS/ASSESSMENT ANn INFORMATIO~ SERVICfS CENTER/CLIMATIC 
ASSEssrlENT RRANCH 

CLASSIFI~ATIO~: UNClASSIFIEn 

Accourn ING CLASS IF IeATION: F.E420njRN3D0406 

DRAFTER: nLECOMTE. CAB - 634-1822 

APPROVEn: MREID. CAB - ~34-lR22 

INFO: PKRUMPE, AIDjOFDA 

TO: AFRICA WEATHER/CROP COLLECTIVE 

TAGS: TPHY 

SUBJ: SPECIAL AGROCLIMATIC ASSESSMENT FOR SOUTHUEST BURKINA FASO 
FOR THE PERIOD rlAY-AUGUST 1984 

REF: OUAGADOUGOU 05214 

1. OVERVI EW 

WELL BEl.mJ NORr~AL YIELflS ANn SERIOUS FOOl) SHORTAGES ARE 
EXPECTED THIS YEAR IN SOUTH~/EST 8URKINA. orlCE AGAIN THE REGION HAS 
AFFECTEn BY DROUGHT, COMPARABLE OR EVEN WORSE THAN THE DROUGHT IN 
1983. AGROCLIMATIC CROP CONflITION INDICES AT THE END OF AUGUST ARE 
AT THE 8-13 PEPCENTILE RA~K (ON TYE SCALE FROM 0 TO 100). 

2. INTRODUCTION 

THE SOUTHWEST REGION OF BURKINA FASO IS THE GPANARY OF THE 
COUNTRY. MAIZE IS THE PRINCIPAL Foon CROP. FOLLOWED RY SORGHUM ANn 
MILLET. TYIS IS THE WETTEST PART OF THE COUNTRY. THE RAINY SEASON 
NORMALLY BEGI~S IN MAY AND LASTS UNTIL EARLY nCTOBER. THIS SPECIAL 
ASSESSMENT IS BASEn MAI~LY ON DATA FROM 3 METEOROLOGICAL STATIONS IN 
SOI!THWEST BURKINA: ROROMO, BOBO DIOULAssn ANn GAOUA. A STATION IN 
SOUTHERr~ MALI, SIKASSO. IS USED AS A REFERENCE. IT IS LOCATED CLOSE 
TO THE BURKINA ~O~DER AND IS REPRESENTATIVE OF AN AREA COVERING THE 
EXTREME SUUTYWEST CORNER OF BURKINA. 

3. AGROCLIMATIC CONDITIONS 

THE 1984 RAINY SEASON REGAtl ON TIME AND WITH ABUIWANT RAINFALL 
(TABLE 1). r1~Y RAINFALL IN BOROfln Arm nOBO DIOULASSO HAS ABOUT 170 
MM; IN GAnUA iT REACHED 2451111. THESE ABOVE NORMAL AMOUNTS (160-210 
PERCENT) WERE SUFFICIENT NOT ONLY FOR LAND PREPARATION. BUT ALSO FOR 
SOWING AND EMERGENCE OF THE CROPS. 

JUNE RAINFALL OF ABOUT 100 MM IN BOROMO. BOBO DIOULASSO AND 
SIKASSO HAS BELOW NORMAL. BUT SATISFACTORY DUE TO LIMITED CROP WATER 
REQUIREMErHS. IN GAOUA. HOHEVER. 65 11M OF RAINFALL (ONLY 48 PERCENT 
OF NORMAL) WAS WELL BELOW THE OPTIMAL CROP WATER REQUIREMENTS. 



THE l~nST UIlFAVflRflRLE AGROM[TEflROLOGICAL Cml[)ITInNS THIS SEt-SOtI 
OC(IJRREf1 IN JULY, ESPECIALLY IN RORO'-1n AN[1 ~nHO OInULASSO, WHEf.<E 
MOt;THLY RAPIFALL WAS HELmJ 100 MI,. I\GROCLIMATIC CROP cnNfl IT If HI 
INnICES FOR THESE TWG STATI~NS AT THE E~n OF JULY WERE AT THE ~H 
PEf.<CENTILE RAm:, rrmIrATING UNUSUALLY DRY CnrmITIUIIS AIm A r)R()IIG~T 
THAT HAS A PROBARILITY OF OCCURRENCE O~:LY ONCE Irl 2n YEARS. THE 
rr~flICE~ IN GAOUA Arm SP:ASSO (13TH ANn 11TH PERCENTILE RANK 
RESPECTIVELY) WERE ONLY SLIGHTLY HIGHER. 

AUGUST IS THE MONTH WHEN CROPS HAVE THEIR HIGHEST WATER DEMAND. 
GAOUA CONTINUED TO BE THE DRIEST AREA IN SOUTHWEST BURKINA, WITH 
RAINFALL WELL BELOW THE OPTIMAL CROP WATER REQUIREMENTS. AT THE 
OTHER THREE STATIONS AUGIJST RAINFALL WAS MORE FAVORAALE (74-99 
PERCENT OF NORMAL), BUT UNU~UALLY HIGH AIR TE~PERATURES (2_4°C ABOVE 
THE NORI1ALS) NOT ONLY INCREASED SHARPLY THE I~ATER DEI1ANn, BUT MOST 
PROBABLY HAn ALSO A DIRECT ADVERSE EFFECT ON THOSE CROPS THAT WERE 
AT FLOWERING STAGE. 

CIlMULATIVE RAINFALL FOR JUNE, JULY Arm AUGUST RANGEn RETWEEN 
370 MM IN GAC';, , Arm 440 MM AT THE OTHER TWO BURK INA STATIONS, OR 
ABOUT 70 PERCENT OF NORMAL. AT BORO UIOULASSO-THIS YEAR'S RAINFALL 
WAS THE SAME AS IN 1983, WHICH MARKED nNE OF THE WORST DROUGHTS IN 
SOUTmJEST BURKINA. AT GAOUA ANn BOROHO, r.UI1ULATIVE RAINFALL IN 1984 
WAS ABOUT 25-40 MM LOUER THAN HI 1983. 

TABLE 1. MONTHLY RAPIFALL (MH), PERCENT OF NORr~AL RAINFALL (%) AND 
THE PERCENTILE RANK OF THE AGROCLIMATIC INDICES (RANK) I N SOUTHWEST 
BURKINA IN 1984. 

MAY JUliE JULY AUGUST 
STATION MM % MM % RANK t~H % RAtlK r~~l ~ RANK 

BOROMO 174 195 101 90 36 84 43 5 2502 99 13 
BOBO DIOULASSO 173 159 III 87 30 98 44 5 235 74 8 
GAOUA 245 211 65 48 8 1~ ,~4 13 155 72 13 
SIKASSO 122 115 104 69 9 171 67 11 243 76 6 

4. DLEASE CAPTION ALL RESPONSES FOR MALCOLM REID, NOAA/ASSESSMENT 
AND INFORMATION SERVICES CENTER (AISC), E/AI42. 

(ORIGIN: AISC/NESDrS/NOAA/RCARTER) 



KENYA OCTOBER 9. 1984 

AGENCY: NESnIS/ASSESSMENT AND INFORMATION SERVICES CENTER/CLIMATIC 
ASSESSMENT BRANCH 

CLASS IF ICATION: tJNCLASSIF lED 

ACCOUNT I Nt, CLAS S I F I CAT I ON: EE 4200/8N3n0406 

ORAFTER: nLECOMTE, CAB - 634-1822 

APPROVEn: MREIO, CAR - n34-1R?2 

I~FO: PKRUMPE, AID/OFOA 

TO: Af1EMRASSY r~AIROB I 

FRON: ~nAA/NESOIS/AISC 

REF: NAIRnBI 30124 

SURJ: WEATHER FORECAST FOR KENYA 

1. DUE TO SEVERE OROIJ(JHT I)URItIG THE FIRST HALF OF 19P.1, KENYA'S 
SHORT RAINS ARE ESPEr.IALLY IMPORTANT THIS YEAR. The short rainy 
SEASOtl GENERALLY RtJt~S FROM ()CT08ER TO nECEllBER, InTH PEAK RAINFALL 
IN ~lOVH1BER. RAINFALL AMOUNTS, HOWEVER, ARE EXTRErlELY VARIABLE. 
OCTOBER-OECEMBER CUWJLATlVE RAI'IFALL IN KENYA'S CF.NTRAL AGROCLII1ATlC 
REGInf~ VARIED FRml 58 t!~1 TO 315 r·1Il [JURING THE 1951-1979 PERIOn. 

? NOAA/AISC nnES NOT MAKE LONG-TERM WEATHER FORECASTS. HOWEVER, WE 
HAVE txArI[NED T'iE HISTORICAL RAINFALL DATA TO SEE IF A r.ORRELATION 
EXISTS BEHJEEN THE 1.0rlG Mm THE SHORT RAINY SEASON. IT IS 
PARTWILARL Y REVELANT Tn SEE IF DR()UGHT THE FIRST 4ALF OF THE YEAR 
TErmS Tn RE FOLL()HEO BY RELOW-fIORr~AL RAHIFALL LATER HI THE YEAR. ~/E 
FOIJrID THAT THERE IS rIO r.nRRELATlntl REn~EF.N THE H/O RAINY SEASGrIS. 
DROUGHT EARLY rr~ THE YEAR nOES N()T INCREASE THE CHAlICES FOR OROIIGHT 
LATE IN THE YEAR. PI FACT, NO USEFIJL cnRREI.ATION REf1.4EEN THE HJO 
SEASONS IS nISCF.R~IBLE I~ THE nATA. 

3. liE COtICLlmE THAT THE EXISTENCE OF THE EARLIER nROUGHT IS NOT 
SIJFFICIOlT RF."snrJ TO FORECAST A nEFICIE/H S:WRT RAP~Y SEfl,SON THIS 
YEAR. RftI~FALL SO FAR iN OCTOBER HAS REEN ~EAR OR flROVE NORMAL OVER 
MilCH OF TYE COllfHRY. CREATPlr. FAVORARLE cnND I TIONS FnR poolE EARLY 
GROHTH flF SHORT RAINS CROPS. AN INFLUX OF L()I-I Arm MID-LEVEL 
MOISTIIRE FROM THE INIlIArI nCEArl HAS HELPEn CREATF. FAVORABLE 
cmmITI!HlS FOR SI~nl .. IER DEIJELOPt1E'IT THIS 110f'4TH. IN I\nDITInN, THE 
I NTERTROP Ir.~L cm/VEQGEflCE zonE IS Lor.A TEn NEAR KErnA. 
UNFORTUNATELY, I-IISTOPICAL nATA ALSO SHmJ THAT ARUNDMT RAINS Itl 
ocrnRER on ~IOT H1PLY Slf'ILAR RAUlS PI NOVEf1BER. 

(ORIGIN: ~OAA/AISC/CIAO/CAA/RCARTER) 



CHAD OCTOBER 25, 1984 

AGEN~Y: NESDIS/ASSESSMENT ANO INFORMATION SERVICES CENTER/CLIMATIC 
ASSESSMENT BRANCH 

CLASSIFICATION: UNCLASSIFIED 

ACCOUNTING CLASSIFlr.ATION: ~E4200/RN3D0406 

DRAFTER: DLEr.OHTE, CAR - fi34-1822 

APPROVED: rlREID, CAR - 1i34-1A2? 

INFO: PKRUHPE, AIO/OFnA 

TO: AFRICA WEATHER/CROP COLLECTIVE 

F~: NOAA/NESDIS/AISC 

TAGS: TPHY 

REF: NDJAMENA 5237 

SUBJ: SPECIAL AGROCLIMATIC ASSESSMENT FOR CHAD 

1. METHOD OF ASSESSMEr.jT. THE AGROCLIMATIC ASSESStlEtlTS r!OAA 
PREPARES FOR THE SAHEL COU~TRIES IJSE TWO qASIC SOURCES OF RAINFALL 
DATA: OBSERVED RAINFALL AND RAINFALL FSTIMATES FROM SATELLITE 
IMAGES. IPIFORTUNATELY, OBSERVED RAINALL r)ATA FOR CHAD ~J~RE 
UNAVAILABLE nlJRING THIS SEASON Arm THE ASS~SSMENTS WERE RASED ONLY 
ON SATELLITE-ESTIMAT~I) RAINFALL. SUCH ASSESSr1F.NTS HAVE nm HAIN 
nRAWBACKS: THEY ARE NOT AS Ar.CURATE AS THOSE RASEO ON OBSERVEr) nATA 
AND, SECONDLY, THEY ARE MADE FOR AN ENTIRE REGION; THE CONDITlnNS 
~XI~TING IN nIFFERENT AREAS OF A GIVEN REGION ARE NOT ASSESSED 
SEPARATELY. CHAD WAS DIVIDEn INTO THREF. AGROCLIMATIC REGlnNS: 
~WRTH (f40RTH OF AAOUT 15° I.ATITUnE), CENTRAL (BETHEEN 15° ANn 11° 
30') AND SOUTH (SOIlTH OF 11 ° )n '). 

~. NORTH REGION. Nn RAIN-FED CROPS ARE GROWN IN THIS ~EGlnN. 

3. CENTRAL REGION. SATELLITE DATA SUGGESTED THIS YEAR'S qAINY 
SEASON REGAN LATER THAN llSUAL AND WITH BELOI~ rlORMAL RAINFALL FOR 
EACH I~DIVInUAL MONTH. AGROCLIMATIC CROP CONOITION INnICES DROPPED 
FROM THE 1nTH PERCENTII.F. RANK AT THE Erm ()F JurlE, TO THE 17TH 
PERCENTILE RANK AT THE E~D OF JULY, ANn TO THE ~fi PERCENTILE RANK 
AT THE END OF AUGUST ANO SEPTEMRER, INDICATING SEVERE DROUGHT - ONE 
THAT Or.CURS ONL Y OIICE III AOOIIT 20 YEARS. SUCH nROUGHTS ARE IISUAll Y 
ASSOCIATEO WITH WELL J"1~L()W tlORrlAL YIELDS, EVEN COMPLETE CROP 
FAILURES IN SOME AREAS. 

4. SOUTH REr;ION. SATELL ITE DATA InDICATF. THE RAINY SEASON ~EGArI ON 
TIME IN MAY, '11TH ABOllT lno r1M OF RAINFALL (130 PERr.nIT IlF NORMAL), 
FAVORING FIELD \oJnRK ArlO CROP SOWING. THE FOLLm/ING r101ITH (JUt/E) ~/AS 
DRY \HTH ONLY no MM OF RAINFALL, 5Ii PERCENT OF rmRrlAL. APPARENTLY 
THIS HAD AN AOVERSE EFFECT ON T~E NEWLY PLANTED r.ROPS. THEIR STATE 
COULD HAVE BEEN IMPROVED ONLY RY ABOV~ NORMAL RAINFALL IN JULY AND 
AUGIJST. UNFORTUNATELY, ~OTH MONT~S ~IERE ALsn DRIER THAN NORMAL, 

,{h 



WITH INDICES AROUND THE ~6 PERCENTILE RANK. SUGGESTING WELL BELOW 
NORMAL YIELDS AND THE POTENTIAL FOR SERIOUS FOOD SHORTAGES. 
PLENTIFlIL RAINFALL HI SEPTEMBER CAME TOO LATE TO IMPROVE YiELD 
PROSPECTS. THOUGH GRAZING CONDITIONS IMPROVEO. 

5. OBSERVEO RAINFALL. RAINFALL nATA FOR INnlVIDlJAL STATIONS HERE 
OBTAINEO BY nR. STEYAERT AFTER HIS RECENT VISIT TO CHAO. THEY 
INDICATE THAT SOME AREAS IN THE C~NTRAL REGION (CHARI BAGIIIRMI ANO 
GIIERA PREFECTURES), AS ~ELL AS MOST OF THE IIESTERN HALF OF THE SOUTH 
REGION. RECEIVED RAINFALL AROUNn OR ABOVE NORMAL TrllS SEASON. ALL 
THESE AREAS ~IERE MUCH ORIER LAST YEAR, ANn THEREFORE. CROP YIELOS 
THIS YEAR ARE EXPE~TEO TO BE MUCH HIGHER THAN IN 1983. THE OBSERVED 
RAINFALL DATA FURTHER INnlCATE THAT THIS YEAR'S DROUGHT IS AFFECTING 
ONL. Y THE EAS TERN HALF nF THE SOUTH REG ION ANn KANEM. LAKE CHAD. 
AATHA, AND OUADOAI PREF~CTURES I~ THE r.ENTRAL REGION. 

6. VEGETATION INDICES. SATELLITE VFGETATION INDICES AVAILAHLE THE 
LAST nJO YEARS POINT TO THE LIKELIHoon OF LOWER YIELns IN 19A4 IN 
SOUTHEASTERtl BATHA ANO HESTERN OIIAnnAI. ANOTHF.R AREA WITH LOWER 
VEGETATION INOEX VALUES THIS YEAR INClIlnES EXTREME NORTHERN 
CHARI-BAGUIRMI, THE L.AKE CHAI) REGION, AND SOUTHERN KANEM. BEST CROP 
POTENTIAL IS INOICATFf) FOR MOYEN CHARI AND SOUTHERN mJERA, WITH 
MOYE~ CHARI IMPPOVEO OVER LAST YEAR. 

7. SUMMARY. HOT, DRY \IEATHER SHARPLY REnlJCEn YIELDS IN CHAn's 
CENTRAL (SAHEL) REGIOtl, PARTICULARLY IN EXTREME NORTHERN 
CHARI-BAGUIRMI, T4[ LAKE REGION, KANEt1, RATHA, BILTINE. ANn f)UAO[lAI. 
CROP LOSSES ARE ALSO POSSIRLF. IN SALAMAT PRFFECTIJRE. THE POTENTIAL 
FOR SEVEPE Foon SHORTAGES ANO LIVESTOCK nEATHS EXISTS IN THESE AREAS 
UNTIL THE lQR5 HARVESTS. HIGHER RAINFALL TO THE SOUTH, ESPECIALLY 
IN WESTERN AREAS, PROVIOEn THE POTENTIAL FOR ~OR~AL TO AAOVE-NORMAL 
YIELnS OF r.EREAL CROPS FOR THE CURRnlT ~ARVEST. THESE flREAS ACr.OIINT 
FOR rlEARLY 80 PEP-CENT OF CHAD'S CER~AL ~RonU~TION. AS FSTIMATED 
GRAIN PRonUCTION HAS GREATLY REDtlCED IN OUAOOAI-RILTINE DIIRING 19113 
Min THIS REGIOtI IJAS ALSO AFFECTED BY nRytlESS nllRI~IG 1984, THE 
GHEATEST THREAT OF FAMINE APPEARS TO BE l.n~ATEn rn T4IS EASTERN 
PORTION OF THE CENTRAL REGION. 

(ORIGIN: NOAA/AISC/CIAO/CAR/RCARTER) 



SPECIAL ASSESSMENT CABLES 



SRI LANKA 

01 03 UNCLASSIFIED 

CAB MREID 

AMEMBASSY COLUMBO 

SUBJ: NOAA/CEAS RESPONSE TO COLUMBO 

CAP: PASS TO PAUL KRUMPE, AID OFDA 

REF: COLUMBO 3797 

MARCH 23, 1982 

N/A 

CAB 

NOA/3/23/82 

{202} 634-1822 

RAMBROZIAK 

SRI LANKA APPEARS TO BE UNDERGOING THE WORST DROUGHT ON 

RECORD IN THE DRY {NORTH AND EAST COASTAL} AND HILL {CEN

TRAL} REGIONS OF THE COUNTRY. THEIR IRRIGATION PRACTICES 

MAKE THE LENGTH OF DROUGHT AS IMPORTANT AS THE SEVERITY. 

THE MAHA CROP IS GROWN DURING THE WETTER NORTHEAST MONSOON 

FROM SEPTEMBER TO APRIL, WHEN EXCESS WATER IS STORED FOR 

LATER USE. THE PAST TWO MAHA SEASONS AND THE INTERVENING 

YALA SEASON OR SOUTHWEST MONSOON FROM MAY TO AUGU~~ ~AVE 

BEEN EXCEPTIONALLY DRY. THE L8-MONTH PERIOD ENDING IN 

FEBRUARY 1982 IS THE DRIEST IN THE MORE THAN 100 YEARS THAT 

UNCLASSIFIED 



02 UNCLASSIFIED 

RECORDS HAVE BEEN KEPT. BASED ON AVAILABLE DATA A WORSE 

PERIOD FOR THE DRY AND HILL REGIQNS OF SRI LANKA COULD NOT 

BE FOUND. RAINFALL IN THE {SOUTHWEST COASTAL} WET REGION 

WAS NOT AT RECORD LOW LEVELS, BUT iT WAS BELOW AVERAGE, 

INCREASING THE SERIOUSNESS OF THE SITUATION. 

PERIODS OF HEAVY RAIN HAVE OCCURRED IN SOME REGIONS, BUT 

I.ONG··TERM ~CClJM'JLATED ~~B'FALL HAS "ll)'" E'CEN OOlT \IF THr. 

DROUGHT CATEGORY IN MOST AREAS DURING ANY OF THE PAST THREE 

MONSOONS. THE SOUTHWEST MONSOON {YALA SEASON} IN THE DRY 

REGION WAS AN ~XCEPTION, SUT THIS REGION NORMALLY RECEIVES 

SO LITTLE RAIN DURING THE SOUTHWEST MONSOON THAT THE SMALL 

ADDITIONAL RAINFALL THERE DID NOT HELP. 

STRONGLY SUGGEST .~·NTACTING SRI LANKA AND INDIA METEO

ROI.OGTCAL SERVI(ES FOR I'1ON~OON FORECAST INFORMATION. IN 

FUTURE ASSESSMENTS, NOAA WILL PROVIDE INFORMATION ON THE 

PROGRESS OF MONSOON, AS DERIVED FROM SATELLITE IMAGERY AND 

UPPER AIR DATA. 

PLEASE CAPTION ALL RESPONSES FOR MALCOLM REID, NOAA/CEN

TER FOR ENVIRONMENT{~ ASSESSMENT SERVICES {CEAS}, D242 

ROOM 135, PAG£ 2, WASHINGTON, DC 20235. 

CEAS/EDIS/NOAA/RCARTER 

UNCLASSIFIEJ) 



NEPAL SEPTEMBER 10, 1982 

AGENCY:NEsnIS/ASSESSMENT ANn INFORMATION SERVICES CENTER/CLIMATIC 
ASSESSMENT DRANCH 

CLASSIFICATION: IMMEDIATE PRECEDENCE LIMITED OFFICIAL USE 

ACCOUNTING CLASSIFICATION: EE4200/8N3n0406 

DRAFTER: MCHUSMIR, CAB - 634-1822 

APPROVED: MREIO, CAB - 634-1822 

INFO: PKRUMPE, A Irl/OFDA 

TO: AMEMBASSY KATHMANnu 

FROM: IJsnoc l-JASHINGTON, DC 

SUBJ: SPECIAL NOAA/CEAS CLIMATIC IMPACT ASSESSMENT - NEPAL 

REF: KATHMANDU 4898 

1. THIS SPECIAL ASSESSMENT ON FORECASTED PADDY RICE ANn WHEAT 
PRODUCTION IS PROVIDED IN RESPONSE TO KATHMANDU 4898 (09 SEP 82). 
PLEASE PASS TO US/AID MISSION. 

2. NATIONAL PAODY RICE. THE PRELIMINARY 1982 FORECASTEn PADDY 
RICE YIELD IS 1.70 METRIC TONS PER HECTAGE RASED ON CEAS 
ESTIMATED MAY THRU AUGUST RAINFALL. THIS COMPARES TO GQN 
REPORTED RECENT 1979 LOW YIELn (1.64 MT/HA) AND 1975 HIGH YIELn 
( 2.07 MT /HA) • I F SEPT 82 IS nRY, FORECAST r,oULD BE FIJRTHER 
REnUCED. FOR EXAMPLE, SEP 82 RAINS OF 65 PERCENT NORMAL WOULD 
RESIJL T IN PADDY FORECASTED YIELn AT ! .60 MT /HA. PADDY SOURCES 
(1964-1980) ARE "AGSTIX OF NEPAL (1977, TARLES 6 AND 7)" PLUS 
IN-COUNTRY CORRESPONDENCE. BELIEVE nATA ARE FOR EARLY PLIJS MAIN 
PADDY RICE. PRonUCTION ESTIMATE FOR 1982 RANGES FROM 2.142 
MILLION METRIC TONS (1.70 MT/HA YIELD) TO 2.0!6 MMT (1.60 MT/HA) 
WITH ASSUMED 1.260 MILLION HECTARES PADDY AREA. THESE PRODUCTION 
FORECASTS (2.142 TO 2.016 MMT) COMPARE TO 1978-1980 AVERAGE 
PRODUCTION (2.288 I1MT) AND 1974-1976 AVERAGE PRODUCTION (2.481 
MMT) • 

3. NATIONAL ~INTER WHEAT. PRELIMINARY ANALYSIS ON 1982/83 
WINTER WHEAT PROSPECTS STRONGLY SUGGESTS POTENTIAL SEVERE nROUGHT 
IMPACT EVEN THOUGH THE CROP IS NOT NORMALLY PLANTED UNTIL 
NOVEMBER AND DECEMBER. THERE IS A SIGNIFICANT STATISTICAL 
ASSOCIATION RETWEEN WINTER WHEAT PRonurTION AND THE PRECEDING 
SOUTHWEST MONSOON RAINFALL. THE NEPAL CLIMATE/WHEAT YIELD MODEL 
FORECASTS 1982/83 WINTER WHEAT PRODUCTION AT 294,000 MT, 
REPRESENTING 66 PERCENT 1978-1980 BASE PERIOD PRODUCTION OF 
444,000 MT. THIS ASSUMES SEP 82 RAINFALL OF 65 PERCENT NORMAL 
AND SUGGESTS A 154,000 MT DEFICIT RELATIVE TO RASE PERIOD 
PRODUCTION. MODEL FORECASTED YIELD IS 0.79 MT/HA (66 PERCENT OF 
BASE PERIOD YIELD). PRonUCTION ESTIMATES ASSUME MEAN WHEAT AREA 
OF 372,000 HA FOR SAME RASE PERIOD. THIS FORECAST IS COMPARABLE 

~) 
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TO 1981/82 MODEL FORECASTED WHEAT PRODUCTION OF 300,000 MT, 68 
PERCENT OF BASE PERIOD PRODUCTION. 

4. THIS ASSESSMENT IS BASED ON RECENTLY DEVf.lOPED STATISTICAL 
CLIMATE/CROP YIELD FORECAST MODELS FOR t1AIN RICE AND WINI'ER WHEAT 
DETERMINED FROM A 1964-1975 NATIONAL YIELD AND METEOROLOGICAL 
DATA. MAIN RICE MODELS GENERALLY USE MAY THROUGH AUGUST (OR 
SEPTEMBER) RAINFALL AS PREDICTOR INPUT. WHEAT MODELS ARE BASED 
ON AUGUST - SEPTEMBER RAINFALL THAT PRECEDES NOV/DEC PLANTING. 
MODELS PROVIDE ABSOLUTE YIELD FORECASTS WHICH ONLY INDICATE A 
MEASURE OF DROUGHT IMPACT. IMPACT OF OTHER FACTORS (PESTS, 
FLOODING, ETC) MUST RE SEPARATELY ASSESSED. THESE t10DEL 
FORECASTS ARE CONSISTENT WITH PREVIOUS CEAS CLIMATIC IMPACT 
ASSESSMENTS BASED ON AGROCLIMATIC/CROP CONDITION INDICES FOR 
MAIZE AND MAIN RICF.. 

5. FOLLOW-UP SPECIAL ASSESSMENT WILL AE PROVIDED. ANALYSIS 
AFTER SEPTEMBER 30 WILL MORE CONFIDENTIALLY IDENTIFY DROUGHT 
IMPACT ON 1982/83 PADDY AND WHEAT CROPS. 

6. PLEASE CAPTION ALL RESPONSES FOR MALCOLM REID, NOAA/CENTER 
FOR ENVIRONMENTAL ASSESSMENT SERVICES (CEAS), D242. 

(ORIGIN: NOAA/CEAS/RCARTER) 



INDt". FEBRUARY 15, 1983 

AGENCY:NEsnIS/ASSESSMENT AND INFORMATION SERVICES ~E~TER/CLIMATIC 
ASSESSMENT RRANCH 

CLASSIF ICATION :_IHlCLASS IF lEn 

ACCOUNTING CLASSIFICATION: EE4200/RN3D0406 

DRAFTER: MCHUSMIR, CAB - 634-1R22 

APPROVED: MREIO, ~AB - 634-1A22 

INFO: PKRUMPE, AID/OFDA 

TO: AS IA WEATHER/CROP COLLEn I VE 

TAGS: TPHY 

SURJ: UPDATE ASSESSMENT FI)R snUTH ASIA 

1. SOUTH INDIA - THE SUMMER RICE CROP (MARCH HARVEST) IN KERALA 
IS REING ADVERSELY H1PACTED RY nROUGHT. THE RICE CRnp CnNOITION 
INDEX (EXPRESSEn Itl PERCENTILES rm A SCALE FROM 0 TO 1(0), IS AT 
THE 10TH PERCENTILE RArlGE SIIGGESTlNG POOR CONDITIONS. PROSPECTS 
FOR THE MARCH TRANSPLANTING OF THE SUMMER RICE CROP IN TAMIL NAOU 
REMAIN RLEAK nUE Tn LA~K nF ADEQUATE IRRIGATION Sll?PLlES IN 
TANKS AND ~ESERVOIRS. 

2. RAINFALL nURING THE 1982/83 NORTHEAST MONSOON SEASON WAS HELL 
RELmJ nORMAL IN TA~llL NAnlJ MID KERALA. THE t10NSOON HlOEX VALU~S 
ARE IN THE Ln~IER InTH PERCENTILE RArlGE INDICATItlG SEVERE DROUGHT 
CONDITIOtIS. I~I PARTICIJLAR, THE SITUATlt1t1 IN TAt1IL NAnu IS 
COMPOUNDEn ~Y AN EARLIER FAILURE nF THE SEcnNOARY SOUTHWEST 
MOtISOOtl RAUlS. THE CIIRRENT DROUGHT IN TAt1IL NAnU IS Cm1PARARLE 
TO THAT OF 1968/69 \:HEN ROTH THE t1nNSOOtiS FAlLEn. 

3. PLEASE CAPfIl1tl ALL RESP()tISES FOR t1ALLDU1 REIn, nOAA/ASSESS-
MENT AND INFORt1ATI'JN SERVICES CENTER (AISC), ~/AI42. 

'ORIGIN: nOAA/CEAS/RCARTER) 



PHILIPPINES SEPTEMBER 15, 1983 

AGENCY: NESDIS/ASSESSMENT AND INFORMATION SERVICES CENTER/ 

CLIMATIC ASSESSMENT BRANCH 

CLASSIFICATION: LIMITED OFFICIAL USE 

ACCOUNTING CLASSIFICATION: EE4200/8N3D0406 

DRAFTER: LSTEYAERT, MB - 8-276-5263 

APPROVED: RAMBROZIAK, CIAO - 634-7288 

INFO: PKRUMPE, AIO/OFDA 

TO: AMEMBASSY MANILA 

SECSTATE WASHDC 

AID/AC, FOR AIO TOY WARNKEN, MDRO CARTER AND ADO R. EDWARDS 

FOR AIO/W PASS TO AID/OFDA 

TAGS: TPHY 

SUBJ: SPECIAL NOAA/AISC AGROCLIMATIC ASSESSMENT ON 1981/83 DROUGHT 

1. As requested, this special agroc1imatic assessment of 1981/83 drought 

impact in the Central and Southern Philippines is provided. This impact 

assessment was made in retrospect hased on station raint"a11 data only for 

the Bico1, Visayas and Mindanao Regions and it supplements previous NOAA/ 

AISC bi-weeK1y assessments which are based mostly on regional rainfall 

analysis. 

2. Methodology. Monthly rainfall data provided by DAGASA through US/AID 

for stations in below table were used in analysis (REFTEL Manila 19970 ~nd 

2n467). Period of record for available data is in general 1951 through 

June, 19~3. Oata were used in NOAA/AISC agroc1imatic crop condition/food 

shortage assessment models as mortified by PAClASA report, "Agroclimatic 

Assessment Models for Poi icy Oecision Making, Economic Planning and Rural 

Deve10pmef'l'c in the Philippines" (Aida Jose, 19R2). This assessment only 

considers drought impact on crops, not crop 1c~ses due to other weather 



factors such as excessive rainfall or typhoon/tropica'j storm damage 01' non-

weather factors. Information on crop conditions and relative crop yields 

;s provided, not estimates of production or harvested acrpage. Crops 

assessed include upland paddy, lowland first paddy, lowland seconrl paddy, 

dry nlaize and wet maize. To ensure clarity and avoid potential confusion, 

the planting months and harvest mcnths used in AISC analysis are also indi~ 

cated along with each crop season name used by GOP, Agroclimatic crop con

dition indices for each crop are expi'essed in percentiles, ranging on a 

scale fran 0 to 100. A$ c. qeneral rule, index values ranging frool 0 to 10 

suggest severe drought impact/potential crop failu,'e, 11 to 20 suggEst 

drought impact/major yield reductions, 21 to 30 ~uggest well below normal 

crop yiElds due to rlrought impact, 31 to 40 suggest below normal yields due 

to moderate drought impact, 41 to 85 suggest near normal to good yields and 

index values greatel' than the 85 to 90th percentiles sugg~st the potential 

for flood d.:.mages. As a final note, limitations to be cOllsidered for 

interpretation of tllis assessment include some uncertainty in GOP crop 

season namin'J conventions and crop calendars uniquely determined by local 

microclimatic condltions. In addition, the distribution of available rain

fall stations was not totally ade~uc1te for some major crop areas. There

fore, AISC analysis focused on rainfall stations as regional indicators. 

3. O~erview. Recent severe drought impacts reported during early 1983 in 

the Central and Southern Philippines are the result of long-tenn drought 

conditions that initially began during June 1981 and persisted to about 

June 1983. During these two years there were four ma~or drought periods 

characterized as follows: 1) severe drought impact, Oct/82-Jun/83, 

affecting Bicol, Visayas and Mindanao Regions, 2) drought impact, 

Jun/82-Sep/82 pri~arilj affecting Western and Central Visayas plus Northern 



Mindanao, 3) moderate drought impact, Nov/81-Apr/82, affecting Central 

Visayas, Western V~sayas and Mindanao, and 4) severe drought impacts, 

Apr/81-0ct/8!, affecting all regions. In general, the most severely 

impacted regions have been the Central Visayas, Western Visayas and 

North/Northwest areas of Mindanao. The long-term cumulative effect of the 

drought tended to significantly increase th~ impacts experienced during 

early 1983. General comments on individual drought periods noted below are 

followed by more detailed comments on impacts to specific crops in each 

year. 

A. Drought: Oct/82-Jun/83 

Agroclimatic crop index models suggest drought impact ranging from 

significant yield reductions to crop failure in the lowland second paddy 

rice crop (generally transplanted Oct/Nov 82) throughout all regions. The 

dry maize crop (Nov/Dec 82 planting) in the Centrai and West Visayas 

Regions plus !4est Mindanao, the wet maize crop (Feb/Mar planting) in the 

9icol and East VisClyas Regions and the dry maize crop (April, 1983 

planting) in the Flicol and ~ast Visayas Regions. The losses in the 

lowland second paddy crop are very significant because the crop in these 

regions accounts for about In percent of national rice production 

(percentages based on 1975-1978 GOP production reports). ~imilarly, dry 

maize in 9icol, Visayas and Mindanao accounts for 19 percent of total dry 

and wet maize production. 

9. Drought Impacts: Jun/82-Sep/82 

The worst drought i~pact was probably in Northern Mindanao and portions 

of the West and Ce~tral Visayas. nrought reduced the yields of lowland 

first paddy rice (generally transplanted Jun/Jul B2), wet maize (generally 

May/Jun 82 planting) and upland rice (generally May/Jun 32 planti~g) in 

these regions. Also, dry maize crops (generally Apr 82 planting) in t~ 

, 
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Bicol and East Visayas regions experienced moderate drought impact leading 

to be~ow normal yields. 
-

C. Drought Impacts: Nov/81-Apr/82 

Although the lowland second paddy rice crop was near normal in all 

regions, the dry maize crop experienced moderate drought impact leading to 

slightly reduced yields in West and Central Visayas (Nov 81 pl':llting) plus 

Northern Mindanao (May 81 planting). 

D. ~rought Impact: Apr/81-0ct/A1 

Below normal SW monsoon r''1infall (Jun-Sepi81) caused sharply reduced 

yields on the upland paddy (May/Jun planting) and lowland first paddy crops 

(Jun/Jul transplanting) in portions of the East, Central and West Visayas 

plus Mindanao. Similarly, wet maize in the West and Central Visayas and 

Mindanao (May-Jun/81 planting), wet maize in the Ricol (Feb/r~ar 81 

planting) and dry maize in the Bicol (Apr planting) experienced yield 

losse~ due to drought. 

4. Lowland - First Paddy (Nomally Jun-Jul transplanting) 

A. 1982 Crop Season 

1) Bicol (about 9 percent of National Lowland First Paddy Production). 

No evidence of drought impact. Rainfall conditions appeared adequate in 

vicinity of Camarines Sur paddy area. 

2) East Visayas (about 11 percent National Lowland First Paddy). No 

evidence of drought impact in Samar del Norte paddy area. Although 

drought impact was severe at Borongan (crop index at 3rd percentile). it is 

believed that little to no rice is produced on the east coast. Ry 

inference from very poor conditions at Cebu (crop index at 15th 

p~rcentile). there is the possibility of some drought impact in paddy areas 

on west coast of Leyte. 



3) Central Visayas. A1~hough only about 2 percent of NatIonal Lowland 

Paddy is produced, there is strong evidence for drought imp~ct. 

Agroc1imatic crop/condition indices for the first crop p4ddy are at the 

15th percentile at Cebu, 24th percentile at Dumaguete and 33rd percentile 

at Tagbi1aran. Paddy in these regions requires irrigation. 

4) Western Visayas (about 13 percent of National Low1~nd First Paddy). 

Lack of adequate station coverage and mixed results for crop indices 

creates uncertainty in overall paddy assessment for Panay. There is evi

dence of drought impact in the vicinity of Roxas City (crop index, 15th 

percentile) in the north, hut significant rainfall was received in the 

south (Iloilo, crop index 88th percentile). Assessment on west coast of 

Panay not feasible with available station data. 

5) Mindanao (about 22 percent of National Lowland First Paddy). Very 

little data existed to assess major paddy areas in Mindanao and Agusan 

river valleys. However, there is strong evidence for monsoon failure at 

Malaybalay (crop/monsoon index at 3rd percentile) which is in the catchment 

area for the Mindanao River. Crop index values for other locations pro

vided in table below. 

B. ~981 Crop Season. 

1) Bicol. Agroclimatic crop conditions favorable in Camarines Sur. 

2) East Visayas. Evidence for moderate drought impact in Samar del 

Norte; crop index values at 18th percentile at Catbalogan an1 39th percen

tile at Catarman. Conditions normal at Tacloban. Conditions on west coast 

of Leyte probably normal. 

3) Central Visayas. Conditions effectively normal. 

4) West Visayas. Evidence for drought impact in Panay. Crop indices 

are at the 12th percentile at Roxas and 26th percentile at Iloilo. 

( 



5) Mir.danao. Evidence for severe drought impact throughout Mindanao 

probably affecting major paddy producing areas. Crop indices ranged 

from 10-15th percentile at most locations. 

5. Lowland-Second Paddy (Normally November-December transplanting) 

A. 1982/83 Crop Season. 

There is very strong evidence that the 1982/83 lowland second paddy 

crop was close to a complete failure throughout the 8icol (about 10 percent 

national second paddy), East Visayas (similarly,S percent national), 

Central Visayas (2 percent national), West Visayas (11 percent national) 

and Mindanao (15 percent national). This suggests almost a 43 percent 

loss in national second paddy productIon which normally ac:cunts for about 

33 percent of all paddy production. Agroclimatic crop condi~ion indices 

(see table below) generally range from the 3rd to 10th pertentile at most 

stations. This indicates large-scale, severe drought impact. Rainfail 

during the growing season was only about 50 percent of normal. 

B. 1981/82 Crop Season. 

Agroclimatic crop conditions for lowland second paddy were essentially 

normal throughout the Bicol, Visayas and Mindanao Regions. The crop should 

have been very successful. 

6. Upland Paddy (Generally planted May-Jun) 

A. 1982 Crop Season. 

Agroclimatic crop condition indices suggest normal to above normal 

upland paddy conditions in the Bicol and East Visayas regions, moderate 

drought impact in West Central Visayas (crop index about 35th percentile at 

all locations except Iloilo) and favorable conditions throughout Mindanao 

except for isolated drought areas in the north at Cagayan de Oru and 

Malaybalay. Crop index at 18th percentile at Cagayan de Oro suggests 

major yield losses and index at 3rd percentile at Malayb~lay is an indica
tor of regional drought, not necessarily upland paddy. 



B. 1981 Crop Season. 

Agroclimatic crop conditions for upland rice durlng 1981 were very 

poor, there was regional drought impact and conditions were much worse 

than in 1982. 

1) Ricol (about 7 percent national upland paady produ:tion). Crop 

yields ranged from normal to above normal. 

2) East Visaya~ (about 2 percent national upland paddy). Moderate 

drought impact at Cc:tarman and Catba10gan (index values at 36th and 27th 

percentiles, respectively) resulting in below normal yields. Conditions 

above normal at Tacloban. 

3) Central and West Visayas (about 3 percent national upland paddy). 

Except for normal conditions at Iloilo, crop indices in the 5th-20th per

centile range (Cebu, Oumaguete, Roxas City and Tagbilaran) sUQJest signifi

cantly reduced yields and in the extreme crop failure. 

4) Mindanao (50 percent national upland paddy). Agroc1imatic crop 

condition indices ranging from 6th to 28th percentile suggest severe 

regional drought impact and major yield reductions. 

7. Wet Season r.4,aize. 

Planting taken by AISC to coincide with major rainy season and is 

generally defined as May except for N[ Monsoon rlominaterl regions such as 

Catbalogan and Hi natuan (Oct); and Daet, Legaspi, Vi rac, Borongan, Catarman 

and Tacloban (Feb). 

A. 1983 Crop Season (planted Feb-May, 1983). 

Because rainfall data were only available through June 1983, wet maize 

is assessed for the total growi ng season in some regi ons (Feb-Apr Crop) and 

only partially through the growing season for the May planted crop (see 

tabl~ below). Agroclimatic indices for wet maize at the 5th percentile 

suggest a total crop failure for the February planted maize crop in the 

( 



Bicol and East Visayas regions (crop normally represents 7 percent of 

national wet ~aize). As indicated by crop condition indices ranging from 

the 2nd to 49t~ percentile in the remainder cf the Visayas and Mindanao at 

the end of the crop vegetation stage, some isolated but not regional 

drought impact was being experienced. 

B. 1982 Crop Season (planted Feb-May, 1982) 

1) Bicol (about 2 percent national wet maize). No evidence of drought 

impact except subsistence crops grown in the vicinity of Masbate probably 

failed (crop index 3rd percentile). 

2) East Visayas (about 4 percent national wet maize). Conditions 

generally favorable except in vicinity of Catbalogan where the crop index 

was at the 12th percentile indicating drought impact, major yield losses. 

3) Central Visayas (about 11 percent national wet maize). Crop con

dition indices suggest nomal crops to moderate drought impact (Cebu, 34th 

percentile and Dumaguete 27th percentile) throughout the region. 

4) West Visayas (ahout 4 percent of national wet maize). Evidence for 

favorable crop conditions at Iloilo (crop index R2nd percentile), but crop 

failure at Roxas City (crop index, 3rd percentile). 

S) Mindanao (about 60 percent national wet maize production). Maize 

crop conditions were normal to slightly below normal except for possible 

crop failure in vicinity of Cagayan de Oro (crop index, ~th percentile) and 

Malaybalay (crop index, 3rd percentile), aga~n regional drought indicators. 

C. 1981 Crop Season 

Agroclimatic crop condition indices suggest that the 19R1 planted wet 

maize crop was significantly below normal and a worse crop than was har

vested later in 19R2 (see table below). Drought impacted maize regions in 

the Bicol (crop indices 10th-20th percentile range) leading to major yield 

losses. Impacts in the Visayas were directly comparable to those in 1982. 

,~ 
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Drought also impacted significant growing regions throughout Mindanao. A~ 

indicated by crop indices ranging frOOl 10-30th percentile., drought impact 
-

ranged frOOl major yield reductions to moderate yield reductions. 

8. Dry Season Maize. 

Planting taken by AISC to coincide with "nonna1" dry season gen£=rally 

Apr in NE Monsoon areas of Bico1 and Eastern Visayas Regions, Oct/Nov in 

West and Central Visayas and Mindanao except for east coastal Hinatuan 

(May) • 

A. 19R3/84 Crop (planted in 1983). 

Agroc1imatic crop condition indices for the April, 1983 planted dry 

maize crop suggest crop failure throughout the Bico1 and East Visayas 

Regions. 

B. 1982/83 Crop (Planted in 1982). 

Agroc1imatic crop condition indices suggest moderate to severe drought 

impact throughout Visayas and Southern Philippines. 

1) Bicol (about 3 percent national dry maize). Essentially nonnal to 

above normal crop. 

2) East Visayas (about 5 percent national dry maize). Drought to 

moderate drought impact and reduced yields near Borongan and Catarman (crop 

indices 17th-36th percentile), but conditions normal to above normal 

elsewhere. 

3) Central and Western Visayas labout 11 percent National dry maize). 

Evidence for major yield reductions and even crop failure throughout the 

Regions. Crop indices ranged from Ath-35th percentile indicating Moderat~ 

to severe drought impact. 

4) Mindanao (about a6 percent national dry maize). Evidence for nor

mal crop in Eastern Mindanao (Davao City. General Santos and Ma1ayba1ay), 

but crop failure or significantly reduced yields in Western 11indanao are 



suggested by crop index values at 10th percentile for Cagayan de Oro, 

Dipolog, Zamboanga. 
-C. 1981/82 Crop (planted in 1981). 

1) 8ico1. Any maize grown near Masbate and Virac suffered significant 

drought impact. Conditions were essentially normal elsewhere. 

2) East Visayas. Crop indices suggest normal maize crop except at 

Catarman where drought impact and well below normal yields were experienced 

(24t, percentile). 

3) West and Central Visayas. Well oe10w norm~l maize yields due to 

drought probably existed throughout most of Regions. Crop indices at 25th 

percentile. 

4) Mindanao. There was evidence for drought impact in Northern 

Mindanao in the vicinity of Cagayan de Oro and Ma1ayba1ay as a regional 

indicator, ranying from moderate yield losses (crop index 33rd percentile) 

to near crop failure (crop index 9th percentile), respectively. 
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9. AGROCLIMA~IC/CROP CONDITION INDICES FOR PADDY (1981/83) 

1 st Lowland ~~and 2nd Lowlana 
Regions Station Paddy Paddv Pc; ddV 

1991 1982 1931 1~2 1991/82 198278. 

Bicol Daet 68 - 72 - - 14 
Le~aspi 78 c:o 79 SO 75 9 
Masbate 24 96 9 84 42 6 
Virac 18 72 63 78 51 12 

East Eo rongaIl - 3 - - - -
Visayru: Catarman 39 69 36 75 75 3 

Catbalo--
.gan 18 81 27 81 45 3 

Taclobar 65 68 84 50 75 3 

w &: C Cebu 43 15 21 37 46 -
Visaya!: L'uma.gue-

te 54 24 21 33 36 3 
Iloilo 26 e.g 49 94 26 8 
Roxas 

City 12 15 6 39 45 3 
~agbil9:-

ran 9 33 9 33 55 5 

E & ~ ~ Mindan Hinatuan 50 - 28 - 68 10 
W, C &: S Cagaya'1 
:v!indan -je Ore 65 43 21 18 81 3 

1)avao 
City 19 69 6 J.9 45 

,. 
() 

Dipolog 15 12 12 42 33 27 
~neral 

Santos Q 63 . 6 72 66 9 
\'.ala,yba-

lay 27 3 24 3 .~ 3 
Zamboan-

lZa 15 21 15 30 18 6 

~otes: - ~'i3sing Data; + Index Value at Vegetati'/e Stage; 
n/ a ~Iot Applicable 

I 
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10. AGROCLIMATIC/CROP CONDITION ]NDICES FOR MAIZE (1931/83) 

Wet Dry 
Regions Station tv1.aize i>'aize 

1 se1 1982 1933 1931/82 1932/8: 19337ff4 

Bicol Daet 9 - 3 41 74 3 
I..€ gas pi 14 73 2 55 32 14 
Masbate 60 3 n/a 12 9J 2;* 
Virac 20 89 14 14 58 5 

East Porongar - - - - 17 7 
Visayru: Catarmar 55 91 2 24 36 -

Catbalo-
gan 78 12 n/a 4'3 Ffl 20* 

~aclobar 39 60 3 78 45 6 

'I! & C Cebu 43 }1 48* 23 - n/a 
Visayru: Dum ague-

te 12 27 2* 18 24 n/a 
Iloilo 70 82 14* 26 35 n/a 
Roxas 

City 12 3 49* 27 9 n/a 
Tagbila-

ran 14 47 40* 76 4 n/a 
E & N 
r1indanac P.inatuar 65 - n/a 75 - 6* 
W,C & S Cagayan 
Mindanac de Ore 33 6 20* 33 12 n/a 

llavao 
City 9 43 41* 57 42 n/a 

Dipolog 36 57 11* 93 12 n/a 
General 
Santos 21 )9 n/a 57 54 n/a 

:Iial a,y b a-
n/a lay 61 3 38 9 45 

Zamboan-
,ga 33 42 g .. 45 q n/a 

. \ru'\ 
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11. Summary of Current Conditions and Outlook Based AISC Regional 

Analys i \ 

Drought in early 1983 impacted crops in NE Monsoon rainfall areas 

(Bicol and East Visayas) and moderate drought is developing in some SW Mon

soon rainfall areas (West Visayas and most of West Mindanao). As noted 

above, the wet maize crop (Feb 83 planted) in Bicol and East Visayas 

Regions was probably close to a cro~ failure. The wet maize crop (May A3) 

experienced moderate drought impact in West Visayas and western areas of 

Mindanao; below normal yields can be expected, not major yield reductions. 

Depending on availbility of irrigation sources, the lJpland Paddy (May-Jun 

planting) and First Lowland Paddy (Jun-Jul transplanting) are also 

experiencing moderate drought impact in West Visayas and western ar~as of 

Mindanao. In general, SW Monsoon rainfall during the 1983 season has been 

20-25 percent below normal, but improved over 1982 rainfall conditions in 

the Central ~nd Southern Philippines. 

12. PLEASE CAPTION ALL RESPONSES FOR LOU STEYAERT, NOAA/ASSESS

MENT ANn INFORMATION SERVICES CENTER, FEDERAL BLDG., ROOM 200, 600 

EAST CHERRY STREET, COLUMBIA, MO 65201. 

(ORIGIN: AISC/NESOIS/NOAA/RCARTER) 
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